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THE     EXOLITION      AM)     1  X\"(lLLTlo\      OF     Till--      llfMAN      liKEAST 

111  tlic  embryo  of  the  lower  animal,  and  in  the  human  embryo  of 
(S  mm.,  (ir  less,  a  delicate  line  extends  from  the  axillary  to  tiie  inguinal 
region,  along  the  junction  of  the  abdominal  wall  and  the  membrana 
reuniens.  It  is  known  as  the  milk  line,  and  consists  of  an  epidermal 
thickening  which  later  breaks  up  into  ten  or  twelve  nodal  jtoints,  the 
rudiments  of  the  future  mammary  glands. 

In  different  animals  a  varying  number  of  these  glands  persist  and 
undergo  further  dexelopment,  while  the  remainder  disappear,  so  that, 
with  the  completion  of  development,  each  animal  is  provided  with  the 
number  of  mammary  glands  normal,  to  its  kind,  and  in  positions  in 
conformity  to  its  type.  H.  Schmidt  has  shown  that  human  embryos 
are  provided  with  a  somewhat  variable  number  of  these  rudiments, 
although  normally  only  two  survive,  situated  on  the  thora.x  in  the 
])ectoral  region. 

In  embryos  of  from  14  to  13  mm.  the  rudiments  are  composed  of 
circular  aggregations  of  epidermal  cells  dipping  downward  into  the 
derm.  Later  each  becomes  divided  into  a  number  of  segments,  and 
the  central  cells,  becoming  cornified,  are  cast  off.  At  that  time  the 
future  mammary  gland  a])i)ears  as  a  depression  on  the  skin.  During 
the  next  few  months  the  cellular  segments  elongate  and  become  more 
or  less  cylindric,  so  that  there  is  considerable  resemblance  between  the 
ai)i>earance  of  the  mammary  rudiment  and  that  of  a  sudoriparous 
gland.  This  has  led  some  to  believe  that  the  mammary  glands  arc 
enlarged  and  tnodified  sweat  glands :  but  the  definite  manner  in  which 
their  rudiments  are  outlined  seems  sufficient  to  show  that  they  are 
special  organs.  At  this  time  the  epithelial  cylinders  are  solid,  and  so 
they  remain,  ])enetrating  more  dee|>lv  and  more  widely  as  the  fetus 
grows. 


2  ARCIUl'ES    OF    Sl'RCHRV 

Immediately  after  birth,  in  both  sexes,  the  central  cells  of  the  cylin- 
ders disappear  by  vacuolation,  and  they  become  hollow  and  almost 
immediately  filled  and  later  distended  by  a  copious  exudation  of  fluid 
in  which  more  or  less  fat  appears,  either  as  free  droplets,  or  as  droplets, 
enclosed  in  cells  similar  to,  if  not  identical  with,  the  colostrum  cells  of 
the  adult  breast  before  lactation. 

This  is  the  so-called  "witch's  milk."  At  the  time  it  appears  there 
are  no  acini,  such  as  apjjcar  during  lactation  in  the  adult  breast.  The 
secretion  seems  to  exude  from  the  ducts,  lining  which  are  cells  which 
may  contain  fat  droplets.  In  the  course  of  a  few  weeks,  the  secretion 
and  the  enlargement  of  the  gland  that  accompanies  it  gradually  disap- 
pear; the  fluid  is  absorbed;  the  tubules  contract  and  return  to  much 
the  same  condition  as  before  the  change  occurred,  except  that  the  lumina 
subsequently  remain  distinctly  patent.  The  parenchyma  of  this  still 
rudimentary  mammary  structure  is  distributed  throughout  a  seemingly 
dense  fibrillar  tissue  beneath  the  skin. 

At  a  timaLvarying  from  the  twelfth  to  the  seventeenth  year,  usually 
between  the  thirteenth  and  fifteenth  years,  the  glands  in  both  sexes 
undergo  further  development,  with  very  little  increase  in  size  in  boys, 
hui  witl^reat  increase  in  size  in  girls.  The  division  of  the  parenchyma 
into  segments  or  lobes  can  be  observed  in  the  latter.  There  are  frouT 
ten  to  twenty  rif  these  segments  or  lobes,  indistinctly  separated  from 
one  another  by  intermediate  bands  of  dense  fibrillar  tissue  derived  from 
the  subjacent  fascia,  but  .so  blended  with  the  general  connective  tissue- 
of  the  organ  as  to  baffle  demonstration  by  dissection. 

The  lotxfs.  not  definitely  separable,  lia\e  a  pyramidal  form,  the 
bases  at  the  periphery,  the  apexes  at  the  center,  where  they  converge  at 
the  future  nipple.  The  parenchyma,  at  this  time,  consists  of  branching 
ducts,  radiating  from  the  iii]iple  and  distributed  throughout  the  con- 
nective tissue. 

At  birth  there  is  no  nipple;  instead  there  is  a  slight  depression  at 
the  center  of  a  circular  area  of  modified  skin,  known  as  the  areola. 
It  is  in  immediate  juxtaposition  to  this  that  the  parenchyma  of  the 
future  breast  lies,  and  as  it  begins  to  grow  at  the  time  of  puberty,  the 
areola  becomes  elevated  and  projects  in  the  form  of  a  conical  eminence. 
As  the  ducts  continue  to  extend  centripitally,  and  the  stroma  increases- 
in  quantity,  the  elevation  embraces  more  and  more  tissue  beyond  the 
areola,  the  size  increases,  and  a  hemispheric  shape  is  gradually  assumed. 

The  hemisphere,  however,  remains  surmounted  by  the  small  primi- 
tive cone  so  that  the  entire  breast  at  this  time  is  conical.  In  the  darker 
colored  races  this  is  sometimes  the  final  form  of  the  mamma;  but  in 
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Caucasians  there  is  a  further  change  incidental  to  the  appearance  of 
muscular  tissue  about  the  nipple  and  backward  traction  of  the  fascia 
between  the  milk  ducts.  The  result  is  flattening  of  the  cone  and  the 
projection  of  the  nipple.  In  the  breasts  of  males  the  changes  are  much 
less  striking,  but  there  is  increase  of  the  parenchyma  and  development 
of  a  nipple. 

Up  to  this  time  the  breasts  of  both  sexes  are  substantially  alike, 
except  that  that  of  the  female  greatly  exceeds  that  of  the  male  in  size 
and  in  the  quantity  of  parenchyma.  But  what  seems  to  be  commonly 
overlooked  is  the  fact  that  the  breasts  of  both  sexes  frequently  remain 
in  this  state  of  simplicity  throughout  the  entire  life  of  the  individual 
unless  some  stimulus  determines  further  development.     On  the  other 


Fig.  1. — Necropsy  specimen  from  normal  breast  of  R.  N.,  aged  3  weeks, 
showing  the  dilatation  of  the  ducts  by  the  "witch's  milk."  There  are  no 
lobules  and  no  acini.  The  magnification  is  too  low  to  enable  the  cells  lining 
the  ducts  to  be  recognized.     (From  the  Philadelphia  General  Hospital.) 


hand,  in  many  cases,  at  this  early  ])eriod,  and  for  no  discoverable 
reason,  the  breasts  seem  to  assume  a  much  more  highly  c()ni])lex 
development  with  the  formation  of  the  well  known  textbook  lobule. 

So  far  as  known  this  structure  never  makes  its  appearance  in  the 
male  breast,  and  in  those  cases  in  which  the  male  breast  has  engaged 
in  milk  secretion,  it  seems  to  be  through  the  activity  of  the  cells  of  the 
ducts,  as  in  the  infantile  activity  resulting  in  "witch's  milk." 

According  to  the  descriptions  in  the  textbooks,  the  lobule  is  the 
characteristic  element  of  the  parenchyma  n{  the  mammarv  tissue.     It 
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is  of  interest,  tluTcfurc,  to  liiiil  tliat  there  are  man)  cases  in  whieli  it 
is  completely  or  almost  completely  absent.  In  the  breasts  of  seventeen 
girls  and  women  known  not  to  have  borne  children,  and  ranging  in  age 
from  12  to  70  years,  no  distinct  lobules  were  found.  This  at  first  led 
to  the  assumption  that  the  breasts  of  women  that  had  never  been  preg- 
nant were  continuallv  without  definite  and  well  formed  lobules,  and  so 
gave  the  impression  that  it  was  possible  from  the  examination  of  the 
breast  alone  to  discover  whether  a  woman  had  been  pregnant  or  not. 
This  seems  to  be  a  mistake.  Through  the  kindness  of  Dr.  Joseph  C. 
Bloodgood,  an  opportunity  was  presented  to  supplement  the  study  of 
the  series  of  breasts  secured  at  necropsy  with  breast  tissue  surrounding 
benign  tumors  of  the  breasts  of  unmarried  girls  and  young  women, 
known   not   to   have  been  pregnant,   in  many  of   which   lobules   were 

TABLK  1. — CoN'niTuix  of  thk  Pakknch'ima  i.\  thk  Brkast  fiF  Womfn 
Known  not  to  H.avk   Had  Childrf.n 


Condition  of  Parenrliynnt 
IHiots  in  small  groups,  no  lobnlc? 
Eudinientary  lobules,  very  small 
Riiiiimcntary  lobules,  very  small 
Ruilimci  tary  lobules,  very  small 

A    few   well  developed   lobules   (Tbis   giil   liad   eanini.ni:i   of  tlie  other  breast) 
No  lobules 

Fi  «   u.'ll  .l.'v.'loped  lobules  of  small  size  Criie  ovaries  liad  been  removed  at  III) 
N(.      1. .1,111,- 

A   fr«   -null   iii.limentary  lobules 
.\   few    >iiKiII   iiMiimentury  lobules 
.A  good  many  large  rudimentary  lobules 
Occasional  small  rudimentary   lobules 
No  lobules 

A  few  small   rudimentary  lobides 
No    lobules 
No    lobules 
No    lobules 


present,  some  being  well  formed.  The  histologic  structure  of  the  virgin 
breast  is  therefore  varied.  For  conxenience  of  description  it  can  be 
divided  into  parenchyma  and  stroma : 

1,  Till-  ParcHclix'iua. — In  its  most  simple  form  the  parenchyma  con- 
sists of  tubular  structures  that  are  easily  recognized  as  ducts.  In 
sections  they  may  appear  singly,  or  ma\-  l)e  collected  in  groui)s.  1  o 
the  latter  it  seems  appropriate  to  apply  the  term  nidiiiioitary  lobule. 
They  differ  from  the  developed,  or  textbook,  lobule  through  the  absence 
of  distinct  periductal  tissue. 

The  size  of  the  ducts  is  \ariable  ;  some  are  small,  willi  very  incon- 
siderable himina  :  others  are  large,  w'ith  widely  dilated  lumina.  They 
almost  ahvavs  have  distinct  lumina.  primarily  because  of  the  infan- 
tile secretion  already  referred  to,  and  because  of  subsequent  periodic 
activitv  of  a  secretory  character.  It  is  well  known  that  young  women 
not  infre(|uentlv  experience  slight  tenderness  of  the  breasts  at  the  time 
of  nien^lrnation.  and  some  of  them  are  at  that  time  able  to  discover  ;i 
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slight  aniouiit  dt  moi^tiirf  in  tlic  breasts.  <  )tlKTs  Dbsorvc  >\vcllitig  of 
the  glands,  and  a  few  are  aljk-  to  express  considerable  water v  secretion. 
Rare  cases  are  on  record  in  which  with  each  recurring  menstrual  period 
a  distinct  milky  secretion  has  occurred. 

The  ducts  appearing  in  the  sections  are  not  always  eni])tv.  Tbey 
are  likely  to  contain  more  or  less  jelly-like  material  thai  probably 
results  from  the  action  of  the  fixatives  on  the  ])rotein>  in  ihc  secretion 
which  they  contained:  and  in  it  there  may  lie  some  admi.xtmc  of  fatly 
molecules. 

The  rudimentary  lobule>  may  lie  numerous  and  large,  and  may 
pass  by  imperceptible  gradations  into  the  atypical  or  textbook  lobules 
which  are  characterized  by  the  presence  of  abundant  periductal  tissue. 


iffTrff-'." ' 


Fig.  2. — Xecropsy  specimen  from  normal  brtast  of  T.  I!  .  man.  aged  38.  The 
stroma  of  the  breast  corresponds  to  the  perilobular  stroma  of  the  virgin  female 
breast.  In  it  only  a  few  fat  cells  can  be  detected.  The  glandular  parenchyma 
is  represented  solely  by  ducts,  and  the  structure  is  identical  with  that  found  in 
the  breast  of  the  young  virgin.     (From  the  I'hiladclphia  (jencral  Hospital.) 

The  structure  of  the  ducts  is  simple,  consisting  of  a  basement  mem- 
brane, not  always  easy  to  define  on  account  of  its  thinness,  and  a  single 
layer  of  cells.  The  apjiearance  of  these  will  vary  according  to  the 
region  from  which  the  section  is  removed.  If  deep  in  the  breast,  the 
ducts  are  always  lined  with  epithelium  of  cuhoidal  type;  if  near  the 
nipple,  bv  epithelium  which  becomes  higher  and  more  nearly  columnar 
as  the  dilatations — milk  sinuses — below  the  ni])ple  are  a|)prr>ached. 
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It  a  niilU  duct  cnulcl  be  followed  from  its  eiuliui;  in  the  nii)i)le  to 
its  beginning  deep  in  the  parenchyma,  it  would  be  found  that  the 
squamous  epithelium  of  the  outer  skin  dips  a  short  distance  into  it, 
then  suddenly  changes  to  columnar  epithelium,  which  continues  a  con- 
siderable distance,  until  the  duct  has  divided  several  times,  after  which 
it  gradually  changes  to  cuboidal  epithelium.  As  the  fragments  of  tissue 
collected  for  the  prosecution  of  this  research  were  not  intended  for 
the  determination  of  the  structnre  of  the  ducts,  they  were  taken  from 
dee])er  portions  than  were  appropriate,  and  observations  on  this  point 
were  merely  incidental.     Rugosity  of  the  ducts  was  very  common,  as 


Fig.  3. — Necropsy  specimen  from  normal  breast  of  M.  W.,  colored  girl,  aged 
12  years.  The  stroma  is  almost  entirely  composed  of  purely  fibrillar,  perilobular 
connective  tissue.  E.xtending  from  the  lower  edge  of  the  section  toward  the 
blood  vessel,  to  the  left  of  the  center,  there  is  some  interlobular  connective 
tissue.  The  parenchyma  consists  solely  of  ducts  and  minute  rudimentary 
lobules,  one  of  the  former  being  conspicuous  to  the  right  of  the  center,  one  of 
the  latter  is  in  the  upper  left  corner.  There  was  no  fat  in  this  breast,  though 
it  was  quite  shapely  and  well  developed.  (From  the  Philadelphia  General 
Hospital.) 

might  be  predicted  from  the  freciucncy  with  which  they  are  subject  to 
distention  and  contraction  with  the  variations  of  secretory  activity. 

From  the  rudimentary  lobules  composed  of  congeries  of  small  ducts, 
without  the  number  of  tubular  structures  and  the  connecting  pteriductal 
tissue  characteristic  of  the  classical  lobule,  one  passed,  in  the  series  of 
cases  studied,  imperceptibly  into  the  latter.  That  is,  there  were  cases 
with  no  |iarcnchyinalotis  structures  other  than  ducts,  cases  with  rudi- 
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mentary  lobules,  cases  with  rudimentary  lobules  of  large  size,  cases 
with  large  and  small  rudimentary  lobules  and  small  classical  lobules, 
and  cases  with  many  large  classical  lobules. 

So  far  as  could  be  determined,  there  was  no  difference  between  the 
lobules  in  these  virgin  breasts  and  those  in  the  mammae  of  parous 
women,  so  that  the  presence  or  absence  of  lobules  does  not  form  a  means 
of  determining  the  virginal  state  of  the  breast.  The  consideration  of 
further  particulars  of  the  histology  of  the  lobules  themselves  will  be 
postponed  until  the  history  of  the  mammary  lobule  is  described. 

But  here  it  must  be  jxjinted  out  that  the  development  of  the  breast 
at  the  time  of  ]Hiberty.  as  well  as  later,  and  its  extreme  development  at 


I'iy     •  J    specimen   from   normal   breast  of   L.   D.,  white  girl,  a.ijed 

12  years,  showing  rudimentary  lobules  in  the  virgin  breast,  as  well  as  the  peri- 
lobular connective  tissue  above  them  and  near  the  two  opposite  diagonal 
corners,  the  interlobular  connective  tissue  which  contains  a  few  fatty  deposits. 
The  perildbular  tissue  is  purely  fibrillar  in  character.  (From  the  Philadelphia 
General    Hospital.) 


the  time  that  it  is  prei)aring  for  lactatiun,  can  only  be  accounted  for  as 
depending  on  certain  stimuli.  If  these  are  efficient,  the  breast  develops 
irrespective  of  everything  else. 

Of  the  nature  of  these  stiinulants  nothing  need  \x  said  here,  the 
subject  is  physiologic,  and  is  sufficient  to  fill  a  good  sized  paper  in 
itself ;  but  with  respect  to  the  response  to  stimuli,  it  is  necessary  to  point 
out  certain  things  at  this  point.  In  certain  cases  the  stimulus  may  be 
excessive  and  come  early,  so  that  the  growth  of  the  breast  at  puljerty 
does  not  cease  at  the  development  to  the  usual  size,  but  continues  to 
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an  ciuinimus  size  pulic-rly  liyiH'rlruphy.  .\,t,'ain.  there  arc  minierous 
cases  in  whicli  the  puberty  hypertrojjhy  is  followed  by  the  attainment 
of  the  normal  size,  but  the  occurrence  of  pregnancy  is  followed  by  the 
excessive  development — pregnancy  hypertrophy.  Then  there  are  still 
other  cases  in  which  for  no  discoverable  reason  the  breast  develops 
excessively,  sometimes  uniformly  and  on  both  sides,  sometimes  only  on 
one  side — nondescript  hypertrophy.  But  what  is  of  more  interest  now 
is  the  fact  that  the  growth  may  be  limited  and  localized,  and  therefore 
not  referable  to  endocrine  substances  reaching  it  through  the  blood, 
bill  ai)parently  dependent  on  local  conditions  resident  in  the  l)reast 
itself.  Such  seemed  to  be  the  case  in  numerous  of  the  sections  shown 
liy     lUoodgood    taken     from    tissue    surmundini;    benign    enca])sulated 


Kig.  5. — Mammary  gland  ul  \iigiii  uil.  IIil'  animal  vva»  Uhlc  l..uuli^  grown 
and  in  fine  breeding  condition;  but  it  had  been  kept  from  the  males.  There 
are  no  lobules ;  the  parenchyma  of  the  gland  i.s  composed  solely  of  ducts. 


tumors  in  young  women  and  girls.  The  appearance  of  the  mammary 
tissue  differed  according  to  the  proximity  of  the  tumor.  Away  from 
it,  the  breast  had  a  composition  like  that  of  the  virgin  breast  already 
described ;  but  as  the  tumor  was  approached,  the  lobules  became  larger 
and  larger,  until  many  of  them  appeared  exactly  like  those  of  a  breast 
that  had  recently  been  lactating.  Unfortunately,  there  were  no  sections 
available  from  other  parts  of  the  breasts  of  these  subjects  from  which 
it  could  be  determined  whether  this  development  of  the  lobules  was 
as  local  as  it  seemed,  or  was  to  be  found  in  parts  of  the  breast  remote 
from  the  tumors. 
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P>om  several  of  the  sections  it  was  difficult  to  come  to  any  other 
CdHclusion  than  that  the  general  structure  of  the  breast  was  composed 
of  a  parenchyma  made  up  of  rudimentary  lobules,  which  increased  in 
size  and  development  as  the  neighborhood  of  the  tumor  was  reached. 

But  regardless  of  such  local  conditions  as  may  play  a  part  in  their 
development,  and  of  unusual  stimuli  governing  their  occasional  matura- 
tion, it  is  pregnancy  that  is  the  great  determiner  of  lobular  growth  and 
development  in  the  breast,  and  to  it  I  shall  return  later. 

IT.  The  Stroma. — To  the  palpating  fingers  the  normal  breast  is  soft 
but  lacking  in  uniformity.  It  is  hard  to  describe  the  exact  sen.sation, 
but  it  is  commonly  said  to  be  "corded,"  the  source  of  the  inequality 
being  referred.  l)y   some  writers,  to  the  presence  of  vessels  and  milk 


Fig.  6. — Necropsy  specimen  from  normal  breast  of  J.  S..  white  woman,  aged 
22,  showing  the  mncinoid  stroma,  as  well  as  the  fibrillar  structure  of  the  juvenile 
mammary  gland.     Then-  is  no  fat  in  the  perilobular  tissue  shown. 

ducts.  It  is  obvious  that  this  is  a  mistake.  X'essels  are  few  and 
deeply  seated.  Milk  ducts  are  also  centrally  and  deeply  seated,  and 
their  delicate  structure  makes  it  impossible  to  feel  them.  The 
real  source  of  the  inequality  is  the  structure  of  the  stroma  which  is 
peculiar  both  in  quality  and  in  distribution.  It  is  primarily  and  funda- 
mentallv  fibrillar,  and  may  be  divided  as  follows: 

1.  Interlobar  Connective  Tissue:  This  seems  to  be  derived  from 
the  pectoral  fascia,  and  extends  upward,  dividing  the  whole  substance 
of  the  gland  into  the  lobes  already  described.  In  it  a  varying  quantity 
of  adipose  tissue  is  present.     Tlie  general   fatness  or  leanness  of  the 
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body  >tTnis  to  have  little  \n  do  with  the  (luaiitity  of  adipose  tissue  in 
the  breast,  however.  The  hreasts  of  some  lean  women  contain  a  great 
deal  of  fat  and  are  large  in  conseciuence :  those  of  some  fat  women 
<;oiuaiii  very  little  fat  and  are  small  in  coHse(|uenee.  In  the  hreasts  of 
one  vcrv  fat  woman,  in  our  necropsy  series,  there  was  scarcel\-  any 
adipose  tissue. 

2.  The  Interlobular  Connective  Tissue:  This  extends  throughout 
the  entire  mammary  tissue  between  its  lobules,  or  in  the  case  of  virgins. 
between  the  potential  lobules  represented  by  the  ducts  and  rudimentary 
lobules.  In  it  occasional  fat  \acuoles  may  be  found  at  any  age,  but  fat 
regularly  begins  to  appear  as  age  increases.  This  is  not  a  fixed  rule, 
but  it  applies  well  in  averaging  the  cases,  with  respect  to  both  virgins 
and  parous  women,  as  will  be  evident  by  comparing  the  accompanying 
tables  showing  the  conditions  of  the  stroma  in  jiarous  and  nonparous 
women. 

T.\BLE  2. — Microscopic  Structurk  of  the  Stroma  of  the  Bre.\st 

IN    P.\ROL-S   AND   IN    NoNPAROUS   WoMEN 

Number  of  Average  .Age 

Oases  of  Women, 

Studied  Years 

1.  Nonparous    women    1"  36.7 

Stroma   flbrillar  only   <>  -4 

Stroma  flbrillar  and   mucinoid 1  "1'- 

Stroma  flbrillar,  mucinoid   and   latty 3  'A 

Stroma  flbrillar  and  tatty 4  31) 

TI.  Parous    women    t2i  46. '2 

Stroma  flbrillar  only   11  S-2., 

Stroma  flbrillar  and  mucinoid 62  42.6 

Stroma  flbrillar,   mucinoid  and   latty 48  ."iS 

Stroma  flbrillar   and    fatty,  mostly   latty 3  58 

Among  the  nonparous  women  the  stroma  was  mucinoid  in 41.17  per  cent. 

Among  the  parous  women  the  stroma  was  mucinoid  in 88.7    percent. 

Among  the  nonparous  women  the  stroma  was  tatty  In 41.17  percent. 

Among  the  parous  women  the  stroma  was  latty  in 41.12  per  cent. 

It  is  thus  seen  that  though  there  may  be  considerable  adipose  tissue 
in  the  interlobar  tissue  of  the  breast  in  youth,  not  much  is  to  be 
expected  to  appear  in  the  interlobular  tissue  until  after  the  menopause. 
This  mav  have  an  important  bearing  when  it  is  remembered  that  in 
excising  fragments  of  breast  tissue  for  microscopic  exarnination,  the 
interlobar  fat  which  is  immediately  visible  is  usually  avoided  in  favor 
of  the  white  tissue  of  the  breast  itself,  which  consists  in  large  measure 
of  the  interlobular  tissue. 

Since  the  adipose  tissue  is  so  uneiiual  in  its  presence  and  distribu- 
tion, it  cannot  be  to  it  that  the  breast  owes  its  softness;  the  organ  is 
soft,  though  linn  in  youth  when  xevy  little  fat  is  contained  in  its  sub- 
stance, soft  and.  flabby  in  old  woim-ii,  when  much  fat  is  present.  The 
fibrillar  breasts  of  youth  are  protuberant;  the  fatty  breasts  of  age, 
pendulous. 
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The  interlobular  (li>tril)iitiuii  of  the  adijJosc  tissue  in  the  breast  of 
young  women  and  ils  interlobar  and  interlobular  distribution  in  the 
breasts  of  older  women  ma\  largely  explain  the  inequality  of  the  mam- 
mary tissue  to  which  the  "corded"  sensation  is  due.  The  softness  of 
the  adipose  tissue  alternates  with  the  firmer  fibrillar  tissue.  I'ut  there 
is  another  factor  of  great  importance  in  accounting  for  the  soft  con- 
sistency of  the  mammary  tissue,  that  is,  the  mucinoid  condition  so 
common  in  its  connective  tissue.  As  has  been  shown  in  the  tabulation, 
41  per  cent,  of  tiie  breasts  of  nonparous  women  and  88  per  cent,  of 
those  of  part)Us  women  showed  this  condition  in  the  fragments  of 
tissue  examined.     It  is  (|uite  prol)able  that  if  greater  areas  of  the  breast 


;h^v 


4. 


^ 


Fig.  7. — \ecrii|ir>\  ^iil^ihicii  Iidiii  uuiiual  l]H.a>t  ol  W  .  .~,.  >i,mU  „..ii,.ii..  ..,m>l 
81,  showing  calcification  of  the  middle  coat  of  a  firanch  of  the  mammary  artery. 
(From  the  Philadelphia  General   Hospital.) 

tissue  had  been  subjected  to  examination,  a  greater  numl)er  of  breasts 
would  have  shown  it.  Here  is  introduced  a  source  of  error  that  gen- 
erally (K'rvades  the  research.  The  breast  is  such  a  large  organ  that  it 
is  quite  impossible  to  subject  every  part  of  it  to  microscopic  examina- 
tion ;  a  supfKJsedly  representative  sample  is  selected,  and  with  what  is 
seen  in  it  one  must  be  content,  especially  if  a  large  number  of  cases 
are  to  be  studied. 

The  change  that  is  called  mucinoid  seems  to  result  from  some  kind 
of  softening  of  the  collagen  fibers  of  the  connective  tissue,  which  seem 
to  lose  distinctness  and  coalesce  in  a  homogeneous  mass  through  which 
capillary  and   other  blood  vessels   and   ducts   are   distributed   and   in 
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which  hilnilc.s  may  he  iinhcilikd.  At  tirst  it  was  supposed  to  he  truly 
mucinoid,  and  like  the  gelatinous  change  so  frequently  seen  in  the 
tissue  of  tumors.  I'.ut  it  fails  to  give  the  chemical  reactions  of  the 
mucins.  an<l  it  lias  not  heen  ])ossihle  to  determine  its  true  nature.  It 
was  at  tirst  looked  upon  as  ])athologic  and  possibly  referable  to  dis- 
turbed conditions  of  the  circulation,  probably  depending  upon  disease 
of  the  l)lood  vessels.  .\s  will  later  be  shown,  disease  of  the  blood 
vessels  is  of  not  infre(|uent  occurrence  in  the  breast ;  but  it  is  impossible 
that  the  condition  under  consideration,  which  occurs  in  88  per  cent,  of 
normal  breasts  and  sets  in  after  middle  life  with  such  regularity,  can 
be  so  caused.  It  is  sometimes  found  as  early  as  the  eighteenth  year, 
and  occurs  in  Imtli  virgins  and  parous  women. 


I'iy.  8. — Xucrupsy  specimen  irum  nuinial  brtasl  o!  AI.  C,  uhili.  woman, 
aged  53,  showing  a  corpuscle  of  Pacini.  It  lies,  as  is  usual,  in  the  inter- 
lobular connective  tissue,  not  far  from  the  blood  vessels.  (From  the  Phila- 
delphia  (leneral    Hospital.) 


It  has.  moreover,  a  somewhat  regular  distribution,  occurring  rather 
more  frequently  in  the  interlobular  than  in  the  perilobular  tissue  soon  to 
be  described.  In  some  cases  it  occurs  in  the  form  of  occasional 
fibers  which,  among  those  of  ordinary  appearance,  show  it  through 
greater  size  and  homogeneous  appearance ;  sometimes  whole  strands 
of  the  fibers  show  it ;  sometimes  great  areas  of  tissue  are  so  altered 
as  to  a])pear  structureless  and  colorless  or  reddish  from  the  eosin 
counter-stain. 

.1.  The  Perilobular  Connective  Tissue:  This  immediately  surrounds 
the  ducts  and  lobules  in  a  more  or  less  concentric  fashion  and  seems 
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to  be  the  last  to  undergo  either  tlie  fatty  or  tlie  niucinoid  change.  In 
many  cases  it  is  a  distinct  and  easily  recognizable  tissue ;  but  in  others 
it  is  difficult  to  separate  it  from  the  interlobular  tissue.  It  niust  l)e 
distinguished  from  the  periductal  tissue,  which  is  intralobular,  and  will 
be  considered  with  the  parenchyma.  Its  distinctness  is  possibly  due 
to  the  direction  in  which  the  section  is  cut.  Should  this  be  a  fact  it 
will  serve  to  explain  why  in  certain  sections  it  is  so  distinct  as  to  cause 
the  section  to  be  divided  into  many  distinct  entities,  as  the  liver  is 
divided  into  lobules,  in  the  center  of  each  of  which  there  appears  a 
duct,  a  small  lobule.  This  perilobular  connective  tis.sue  is  destined 
to  disappear  in  part  or  altogether  when  lactation  liypertropiiy  occurs, 
and    might,    therefore,    be    expected    t(i    be    (if    delicate    structure    and 


Fig.  9. — Necropsy  specimen  from  normal  breast  of  M.  M.,  white  woman,  aged 
25.  eighth  month  of  pregnancy.  The  lobules  have  already  attained  a  large  size  and 
many  of  the  acini  are  dilated  by  lieginning  secretion,  which  also  fills  tlie  ducts. 
(From   the   Philadelphia   General   Hospital.) 

mucinoid  character.  That  is.  however,  not  the  case:  it  usually  apjiears 
dense.  In  all  of  these  connective  tissues  there  are  collagen,  fibroglia 
and  elastic  fibers,  varying  somewhat  in  quantity  and  in  distribution 
according  to  the  activities  and  metamorphoses  through  wliich  the  breast 
has  passed  in  the  course  of  a  long  life,  including  ininierous  jiregnancies 
and  lactations. 

The  .stroma  of  the  breast  also  cont:iiiis  vessels  and  ncr\es.  Their 
presence  depends  upon  the  part  of  the  organ  from  which  the  fragment 
for  examination  has  been  excised. 
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1.  Arteries:  These  are  usually  small  or  of  niediuiii  size,  and  are 
contracted.  Occasionally,  they  show  calcification  of  the  middle  coat, 
when  they  seem  to  lose  their  normal  resisting  power  and  imderga 
more  or  less  dilatation.  As  usvial,  the  calcification  seems  to  be  pre- 
ceded by  hyaline  degeneration.  No  calcified  vessels  were  found  before 
the  menofxuise.     They  were  discovered  at  the  ages  given  in  Table  3. 

2.  Veins:  The  only  change  observed  in  the  veins  was  dilatation, 
which  seemed  to  be  of  frequent  occurrence. 

3.  Nerves :  Nerves  were  present  in  a  number  of  the  sections. 
Most  of  them  were  found  unexpectedly ;  they  were  sometimes  single 
and  sometimes  in  groups.  No  pathologic  alteration  was  noted  in  any 
of  them. 

The  occurrence  of  the  corpuscles  of  \'ater,  or  pacinian  corpuscles, 
was  noted  by  Kolliker  many  years  ago ;  but  it  is  unusual  to  see  them 
in  sections  made  for  pathologic  study.  It  is  probable  that  misinter- 
pretations have  arisen  from  their  ])eculiar  ajjpearance  and  rarity.     One 

TABLE  3. — .A.GES  -^T  Which  Calcified  Vessels  Were  Found 


Race 

So. 

of  Children 

Colored 

■1 

White 

.s 

Colored 

White 

7 

White 

^ 

White 

0 

White 

White 

Hyaline  degenerati 

White 

White 

White 

was  shown  to  a  competent  microscopist  who  after  examining  it  critically 
suggested  that  it  was  a  peculiar  form  of  laminated  thrombus.  In  the 
150  cases  upon  which  this  research  is  based  they  were  found  eight 
times.  Being  normal  and  permanent  structures,  in  all  probability  con- 
nected with  the  sensory  system  of  nerves,  the  age  at  which  they  occur 
is  of  no  consequence,  varying  from  16  days  to  78  years.  Like  the 
nerves  themselves  the  pacinian  corpuscles  are  found  in  the  interlobular 
connective  tissue,  near  the  larger  blood  vessels.  They  are  large  and 
striking  objects,  and  not  to  be  mistaken  for  anything  else,  by  those 
familiar  with  them. 

Except  there  be  such  obvious  pathologic  disturbances  as  suppura- 
tion, round  cell  infiltration,  calcification  or  hemorrhage,  the  condition 
of  the  stroma  of  the  breast  seems  to  be  a  very  insecure  guide  to  the 
determination  of  the  normality  or  abnormality  of  the  organ,  as  it 
varies  greatly  according  to  the  age,  the  sexual  activity,  and  the  indi- 
viduality of  the  patient.  Most  of  the  breasts  that  come  to  microscopic 
studv   have  been    removed    surgically,   and    taken    from   middle    aged 
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women  who  have  borne  children.  They  present  an  a])pearancc  char- 
acteristic of  that  time  of  life  and  activity,  with  which  all  surgical 
pathologists  become  familiar.  A  breast  from  a  virgin,  many  years- 
younger,  presents  a  very  diiiferent  appearance.  In  the  former,  there 
is  likelv  to  be  a  considerable  admixture  of  fat,  with  corresponding 
diminution  of  fibrillar  tissue ;  in  the  latter,  there  may  be  no  adipose 
tissue,  and  much  fibrillar  tissue,  a  condition  that  is  likely  to  be  inter- 
preted immediately  to  mean  a  pathologic  condition  of  fibrosis,  especially 
when  tlie  large  amount  of  parenchyma  in  the  former  is  compared  with 
the  ver\  small  amount  in  the  latter,  and  the  absence  of  lobules  is  taken 


Fig.  10. — Xecropsy  specimen  from  normal  breast  of  E.  R.,  white  woman,  aged 
23.  who  died  of  puerperal  sepsis  two  days  after  the  birth  of  her  third  child. 
There  is  great  inequality  in  the  size  of  the  acini,  some  of  which  are  entirely 
empty  and  contracted,  others  widely  dilated,  as  in  full  lactation  hypertrophy. 
(From  the  Philadelphia  General  Hospital.) 

into  consideration.  It  is  suspected  that  the  growth  of  the  fibrillar  tissue 
has  resulted  in  the  extinction  of  the  lobules,  w-hen,  as  a  matter  of  fact, 
there  never  were  any  there,  and  the  presence  of  the  fibrillar  tissue 
is  normal. 


THE      EVOLUTION      OF      THE      BREAST      FOR     THE      PERFORM  \M  I       (il-      ITS 
FUNCTION — LACT.ATION 

The  great  modifier  of  the  mammary  structure   is   pregnancy.     It 
is  with  the  occurrence  of  this  state  that  the  lobules  invariably  appear ,- 
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and  after  the  menopause,  wlien  it  is  no  lunj^jer  ])i)ssiiiie.  that  they  tend 
to  (lisap])car.  Most  of  the  subsequent  liistory  of  the  nianmiarv  gland 
has.  therefore,  to  do  with  its  lobules. 

The  History  of  llw  Matumary  Lobule. — The  starting  point  of  the 
investigation  should  l)e  the  changes  that  occur  in  the  breast  of  the 
prinii])ara,  .and  lead  to  the  appearance  of  the  lactation  tissue.  The 
rarii\  with  which  primiparous  women  die  in  the  early  months  of 
])regnancy  explains  the  first  difficulty  encountered — the  inability  to 
obtain  the  desired  and  necessary  material.  In  our  collection  there  were 
hut  two  cases  of  very  early  pregnancy;  but  in  each  there  had  been 
prior    ]iregnancies   by    which    the   conditions    were    so    modified    as   to 


Fig.  11. — Necropsy  specimen  from  normal  breast  of  M.  M..  vvliite,  aged  o4. 
mother  of  six  children,  one  of  whom  she  was  nursing  at  the  time  of  her  death 
The  breast  shows  full  lactation  hypertrophy  under  low  magnification.  The  peri- 
lobular tissue  has  disappeared  and  the  interlobular  tissue  is  represented  only 
by  fibrous  partitions  that  support  the  blood  vessels.  The  acini,  which  are  some- 
what collapsed  because  the  secretion  escaped  when  the  tissue  was  cut,  are 
of  irregular  shape  and  into  many  of  them  slender  projections  extend,  like 
stumps  of  ruptured  interlobular  septums.  Similar  formations  appear  in  the 
residual   lactation   acini.      (From   the   Philadelpliia   Cienera!   Hospital.) 


make  them  valueless  in  answering  the  (|uestion  of  the  early  changes. 
In  each  the  effects  of  the  pre\ious  lactations  were  confused  with  those 
of  the  present  one. 

Tile  ol)servations,  therefore,  were  begun  with  the  study  of  the 
breast  of  a  voting  primipara  in  the  fifth  month  of  pregnancy.  .\\.  this 
time    the    increase    of    mammarv    pareiichyni.-i    was    astonishing;    there 
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being  a  large  number  of  lobules,  varying  in  size  from  minuteness  to  a 
diameter  great  enough  to  fill  an  entire  field  under  a  low  power 
magnification  (Zeiss  AA,  ocular  4). 

It  is  evident,  therefore,  that  the  mammary  hypertrojjhy  does  not 
progress  uniformly,  but  i>  more  rapid  in  certain  portions  than  else- 
where. Presumably,  a  study  of  the  structure  of  the  smallest  of  the 
lobules  gives  the  best  clue  to  the  inception  of  the  process.  From 
these  sections,  it  was  determined  that  the  hypertrophy  of  the  paren- 
chyma begins  through  budding  from  the  ducts.  In  not  a  few  areas 
there  were  small  ducts,  wrinkled  and  puckered.  a<  though  buds  were 


Fig.  12. — Nccrnpjv  specimen  I'mm  normal  l)rea>I  "i  1-..  K.,  white  woman,  aged 
23.  delivered  of  a  baby.  Jan.  2,?.  1921.  died  ot  streptococcic  puerperal  infection  a 
few  days  later  in  the  Philadelphia  General  Hospital.  The  breast  is  in  a  con- 
dition of  full  lactation  hypertrophy  but  no  active  secretion  has  begun.  The 
quantity  in  the  acini  is  not  greater  than  it  is  in  the  earlier  months  of  pregnancy. 
(From  the  Philadelphia  General   Hospital.) 

growing  out  from  their  wali>.  I-'rcmi  the>e.  other  .smaller  puckers  were 
sometimes  discoverable,  as  though  secondary  buds  were  forming  from 
the  primary  ones. 

At  these  points,  there  was  no  discoverable  basement  membrane, 
(The  baseiTient  luembrane  of  the  parenchyma  of  the  mammarv'  gland 
is  always  difificult  to  define  exce]>t  in  lobules  long  inactive.)  The 
epithelial  buds  seemed  frequently  to  be  solid  and  composed  of  masses 
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of  ccU.s  withuut  (liflVrentiation.  Through  early  vacuolation  and  tatty 
secretion  hy  the  cells,  the  centrally  situated  cells  disappear,  leaving 
lumina  in  the  new  formation.  In  this  manner  the  parenchyma 
developed,  acinus  being  added  to  acinu.s,  and  groups  of  acini  collecting 
about  the  ducts  and  ductules.  The  acini  first  formed  usually  showed 
more  or  less  secretion,  which  appeared  in  the  sections  either  as  jelly- 
like cyhnders,  or  as  collections  of  jelly  mixed  with  fatty  globules  of 
considerable   size. 

There  was  another  element  of  the  parenchyma  that  merits  attention 
— the  intralobular  or  periductal  connecti\e  tissue.  The  budding  of  the 
parenchyma  scarcelv  begins  before  the  growing  ducts  and  developing 


Fig.  13. — Xecropsy  specimen  from  normal  breast  of  C.  P.,  aged  28,  white- 
woman,  mother  of  four  children,  date  of  last  lactation  not  known.  The  greater 
part  of  the  illustration  shows  parenchyma  in  the  earlier  nuclear  stage  of 
involution.  The  large  lobule  on  the  left  has  delayed  its  involution  and  its 
acini  retain  the  lactation  appearance.  Such  elements  may  evolve  into  residual 
lactation   acini.      (From   the    Philadelphia   General   Hospital.) 


lobules  are  surrounded  by  broad  areas  of  peculiar  pale  connective 
tissue,  sharply  diiiferentiated  from  the  perilobular  tissue,  and  suggesting 
by  its  looseness  and  pallor  an  edematous  condition.  It  is  into  this  loose 
soft  tissue  that  the  budding  parenchyma  extends  at  first.  But  soon 
it  seems  to  reach  a  point  when  it  is  no  longer  necessary  for  it  to  be 
preceded  by  this  new  formation,  and  it  grows  more  rapidly  than  its 
associated  connective  tissue  which  seems  to  be  lost  by  distribution. 
In  breasts  of  women  in  the  seventh,  eighth  and  niiUh  months  of  preg- 
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naiiov,  periductal  tissue  is  scarcely  to  be  seen,  the  entire  enormous 
lobules  being  composed  of  closely  approximated  acini.  The  dense,  or 
seemingly  dense,  perilobular  connective  tissue  is  thrust  aside  in  some 
manner,  giving  the  impression  that  the  growth  of  each  lobule  is  like 
that  of  a  benign  tumor  in  which  there  is  no  peripheral  infiltration, 
but  only  interstitial  expansion.  The  perilobular  tissue  is  not  invaded 
and  opened  up  by  the  acini,  it  is  pushed  aside  and  thinned  more  and 
more  by  the  lobules,  as  they  increase  in  size,  until  it  is  brought  into 
juxtaposition  with  the  interlobular  tissue. 

Secretion  of  fluid  seems  to  begin  almost  as  soon  as  the  parenchyma 
begins  to  grow;  but  it  is  only  after  the  fifth  month  of  pregnancy 
that  expression  of  fluid  from  the  nipple  is  possible.     The  colostrum 


Fig.  14. — Necropsy  specimen  from  normal  breast  of  S.  S.,  white  woman, 
aged  19,  died  one  year  after  having  borne  her  first  baby.  The  breast  shows  rapid 
involution.  In  the  upper  part  of  the  illustration  there  is  a  large  lobule  almost 
entirely  composed  of  periductal  tissue.  Below  are  several  circumscribed  lobules 
more  nearly  corresponding  to  the  textbook  illustrations.  There  are  also  sev- 
eral small  uncirciimscribed  lobules.     (From  the  Philadelphia  General  Hospital.) 

cells  seem  to  be  the  central  cells  of  the  newly  formed  acini,  vacuolated 
by  fat,  or  filled  with  fatty  molecules  that  escape  from  the  future  acini 
as  they  are  in  process  of  forming  lumina.  They  are  relatively  few  in 
cases  in  which  the  secretion  is  scanty,  and  the  lumen  formation  of  the 
acini  delicate,  and  many  when  there  is  much  secretion  and  the  lumen 
formation  considerable.  Sometimes  quantities  of  them  collect  in  the 
larger  ducts.  It  did  not  seem  possible  that  they  were,  as  soine  think, 
leukocvtes  distended  with  mrOecular  fat. 
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At  the  iMid  of  pregnancy,  tin-  c|uantity  of  parench\nia  in  the  niain- 
mary  glands  varies  greatly  in  different  cases.  In  general,  when 
compared  with  the  quantity  foinid  in  the  breast  of  full  lactation,  it  is 
surprisingly  small,  and  gives  the  impression  that  lactation  with  adequate 
nutrition  of  the  child  would  be  impossible.  There  must  be  increase 
during  the  tirst  few  days  post])artum,  greater  than  anything  that  has 
gone  before,  probably  through  the  new  stimulus  resulting  from  the 
application  of  the  child  to  the  breast.  With  the  "coming  of  the  milk" 
all  of  the  newly  formed  acini  dilate  widely  to  an  extent  that  seems  to 
cause  the  rupture  of  some  of  their  walls,  as  many  of  the  larger  ones 
have  portions  of  interacinar  septums  sticking  out  like  stumps  into  their 
spaces.      The    dilatation    causes    the    partitions    between    the    acini    to 
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Fig.  15. — XecPDpsy  ;.i)tciiiien  from  normal  breast  of  S.  S.,  aged  19,  white 
woman,  showing  an  uncircumscribed  and  disrupted  lobule  following  rapid  involu- 
tion. The  patient  had  had  a  baby  the  year  before  she  died.  Fat  cells  can  be  seen 
in  the  interlobular  tissue  at  the  sides  of  the  illustration.  The  periductal  tissue  can 
scarcely  be  recognized  because  of  confused  growth  into  the  perilobular  tissue. 
(From  the  Philadelphia  General   Hospital.) 

become  thin  and  the  cells  lo  be  flattened.  The  flattening  of  the  cells, 
together  with  the  presence  of  nian\-  globules  of  fat  in  them,  makes  it 
difihcnlt  lo  determine  the  e.Kact  structure  of  the  interacinar  walls,  with 
respect  to  the  presence  or  absence  of  both  mammary  and  basket  cells. 
They  are  probalilv  both  there,  the  latter  being  compressed  and  difficult 
to  see. 

In  full  lactation  hypertrophy,  the  periductal  tissue  disappears  from 
view;  the  ])erilobular  connecti\e   tissue   can   no  longer   be   found,   the 
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adipose  tissue  is  c(mi])Ictely  alixirlied  and  die  interlobular  conneetive 
tissue  remains  only  as  narrow  strands  separating  large  groups  of  lobules. 
Upon  more  careful  observation  in  apj)roj>riate  cases  tbe  outline  of  the 
lobules  by  the  perilobular  tissue  can  be  made  out,  and  gives  an  impres- 
sion analogous  to  that  produced  by  the  outlining  of  the  lobules  of  the 
h'ver  of   rodents  by  the  bands  of  ]ieriportal  connective  tissue. 

Thus  the  breast  attains  its  full  glandular  perfection,  and  is  trans- 
formed into  a  parenchymatous  structure  composed  of  lobules  of  fairly 
uniform  size,  closely  approximated,  and  made  up  of  newly  formed 
structures,  the  acini.  In  this  state  it  remains  as  long  as  the  mother 
continues  to  lactate.  \\  h\\  the  weaning  of  t!ie  baby,  the  parenchyma 
ceases  to  be  of  further  use;  it  seems  by  nature  to  be  superrtucius,  and 
nature  at  once  begins  the  process  of  getting  rid  of  it. 

TABLK  4. — Sv.NOPSis  of  thk  Microscopic  Stvdiks  of  SixTV-RinuT   Bkk.xst.s 

OK    Wd.MK.V    OK    THK    ChILU-Be.^RING    .-KcF- 


Groups  • 

1  11  III  IV  V 

Xo  lobules  in  the  sections l'>  0  0  0  3 

Lobules,  large  and   numerous 0  3  0  7  0 

Lobules,  large,  but  lew O  1  0  1  0 

Lobules,    small   0  5  2  X  0 

Lobules,   vestigial— disappearing    0  i  11  3  0 

Lobules,  well  circumscribed 0  3  .1  2  0 

Lobules,  not  well  circumscribed 0  5  7  4  0 

Lobules,   vmiform    0  1  1  1  (» 

Periductal  tissue,  conspicuous 0  2  4  0  o 

f'erirluctal  tissue,  not  uniformly  distributed  in  lobules  0  5  1.5  10  (i 

INii.luital    tissue,   hyaline ii  1  O  0  o 

Ki-iil\iiil   lactation    acini 0  2  2  10 

.Miirmysl"      0  12  10 

l.nrge    ducts,    numerous 0  2  3  0  0 

'  Group  I  includes  the  breasts  of  women  known  not  to  have  had  children,  microscopic 
confirmation;  Group  II,  those  of  women  known  to  have  had  children,  microscopic  confinna- 
lion:  Group  HI,  those  of  women  known  to  have  been  married,  microscopic  e\-ideDcea  ol 
lactation:  Group  IV,  those  of  women  in  whose  history  there  is  no  infonnatlon  as  lo  matri- 
mony or  maternity,  but  whose  breasts  show  microsecipic  evidences  of  lactation,  and  Group  V, 
those  of  women  with  no  history  or  mieroseoiiir  I'viilenee  oi  lactation. 

THE      INVOLCTICN     OF     THE     l!KE.\.ST     .\ETEK      L.\CT.\TU)\ 

It  must,  of  cour.se,  be  understood  that  the  evolution  of  the  i)aren- 
chvma  mav  miscarry  an^-where  along  the  line,  and  further  development 
cease.  Such  a  condition  arises  in  cases  of  abortion,  mi.scarriage,  refusal 
on  the  part  of  the  mother  to  nurse  her  child,  the  death  of  the  infant  at 
the  time  of  birtli.  etc. 

In  these  cases  the  breast  ceases  to  evolve,  but  the  occurrence  of 
the  |)regnancy  having  been  enough  to  initiate  the  formation  of  lobules, 
altiiough  incompletely  developed,  they  at  once  begin  the  changes  char- 
acteristic of  involution. 

The  process  of  involution  rarely  ])r(x-ee(ls  uniformly  and  regularly, 
because  all  parts  of  the  secreting  breast  are  not  uniformly  active  in 
secretion  at  the  '^ame  time  unless  it  is  when  tlie  child   is  applied  to 
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the  Ijreast  and  the  niaxinnuii  of  secretory  stimulation  hrougiit  about. 
The  examination  of  sections  of  breasts  preparing  for  lactation  and 
ceasing  laclation  will  easily  convince  the  observer  of  this,  for  in  l)oth 
cases  tluTc  will  be  found  in  the  same  lobules  of  the  maniniar\-  paren- 
chyma a  nimiber  of  acini  that  appear  of  small  size  and  are  empty, 
and  iitlur^  that  are  distended  with  some  kind  of  secretion.  It  seems 
as  though  the  retention  of  the  secretory  function  by  some  of  the  acini, 
and  llifir  distt-ntiim  by  the  products  of  that  secretion  interfere  with 
the  uniformity  of  involution.  The  varying  degrees  of  interference 
arising  from  the  varying  conditions  obtaining  in  different  breasts  cause 
remarkable  differences  in  their  microscopic  appearance.     In  the  same 


Fig.  16. — Necropsy  specimen  from  normal  breast  of  W.  F.,  married  woman, 
aged  26,  no  history.     (From  the  Philadelphia  General  Hosi)ifal.) 

way.  the  differing  conditions  obtaining  in  different  parts  of  the  same 
breast,  and  the  differing  conditions  obtaining  in  different  parts  of  the 
same  lobule,  occasion  dissimilarities  in  the  histologic  structure  of  dif- 
ferent parts  of  the  same  breast,  and  of  different  parts  of  the  same 
lobule.  It  is,  therefore,  not  a  simple,  but  a  complex,  series  of  events 
that  characterize  involution,  with  resulting  different  appearances,  some 
of  which  prove  very  perplexing  because  their  origin  was  not  under- 
stood, and  they  ha\e  been  misinterpreted  by  the  best  pathologists. 

The  mammary  lobule  is  a  temporary  and  transitory  structure  that 
usually  exists  in  a  rudimentary  form  before  jjregnancy  occurs,  and  is 
destined  to  disa])i)ear  after  lactation  is  ended.  The  rapidity  with 
which  the  lolmU-s  disappear  varies  greatly.     In  (me  breast  of  a  young 
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woman,  19  years  of  age,  who  had  had  a  baby  one  year  before,  diere 
were  a  few  small  lobules  fairly  well  conforming  to  the  textbook 
description,  while  in  the  other  breast  there  was  scarcely  a  single  one. 
The  parenchyma  had  disappeared  without  distinct  lobular  formation, 
and  with  the  most  bizarre  appearances  of  acinar  and  ductile  vestiges, 
difficult  to  describe,  but  well  shown  in  the  illustration.  On  the  other 
hand,  the  breast  of  a  woman,  87  years  old,  still  contained  a  few 
structures  that  could  be  recognized  as  vestiges  of  the  definite  lobules 
of  long  ago.  It  is  necessary,  though,  to  recognize  rudimentary  lobules 
in  the  virgin,  fully  developed  lobules  during  lactation,  decadent  lobule- 
during  involution,  and  vestigial   lobules  after  the  menopause. 


i' la.  17, — >|)t''imcn  cM  iMrmal  hrca^t  iroin  suryual  ca^r  I  A,  B.,  white  woman, 
aged  40).  showing  the  typical  textbook  lobules  that  are  supposed  to  represent  the 
resting  condition  of   the  gland. 

The  general  tendency  of  the  mammary  gland,  therefore,  seems  to 
be  to  return  to  its  virginal  condition,  and  to  contain  nothing  but  ducts. 
The  fulfilment  of  the  tendency  is,  however,  commonly  interrupted  by 
recurring  pregnancies,  and  the  complications  iiUerfering  with  involution 
to  which  reference  has  already  been  made. 

Beginning  with  what  seems  to  occur  in  cases  in  which  involution 
takes  place  under  most  favorable  conditions,  and  without  complication, 
the  sequence  of  events  seems  to  be  somewhat  as  follows.  The  acini 
of  the  lobule  being  empty,  and  no  new  secretion  being  produced  to 
fill  them,  they  yield  to  the  pressure  of  the  elastic  tissue  in  their  walls 
and  contract  to  a   smaller  and   smaller  size  until   the  lumen   can   no 
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longer  hu  >ct'n.  At  about  the  same  time,  the  cytoplasm  of  the  epithelial 
cells  seems  to  shrink  until  it  becomes  difficult  to  see.  In  the  meantime 
the  periductal  tissue  which  becomes  visible  again  as  the  epithelial 
elements  cease  to  preponderate  o\er  it  in  importance  shows  multiplica- 
tion of  its  nuclei.  The  result  is  a  remarkable  nuclear  appearance  of 
the  lobule,  whose  other  elements  have  becfime  so  obscured  that  they 
are  no  longer  recognizable.  So  similar  are  the  nuclei  arising  in  the 
jjeriductal  tissue  and  those  of  the  decadent  epithelial  cells  that  it  may 
be  impossible  to  determine  to  what  kind  of  cell  a  given  nucleus  belongs. 
The  epithelial  cells  undergo  progressive  extinction,  beginning,  to  all 
appearances,  with  those  of  the  peripheral  acini,  and  extending  toward 
the  ducts  which  persist  as  the  alveoli   of  the  classical  lobule.      With 
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Fig.  l.S.  SiicCiiiK-n  lri.;ii  ihf  saiiU'  luci-l  a^  in  I'"il;uii  17,  .showing,  to 
the  left  of  the  center,  fat  deposited  in  the  perilobular  tissue.  This  is  very 
rare  in  the  human  breast  but  it  is  the  chief  mode  of  assisting  in  the  removal  of 
the  excessive  parenchyma  in  the  rat  after  lactation  has  ended. 

the  disappearance  of  the  epithelial  cells,  the  lobule  loses  a  great  deal 
of  its  nuclear  appearance  and  comes  to  resemble  more  closely  the 
classical  lobule,  except  that  the  periductal  tissue  seems  to  be  in  excess, 
and  usually  irregularly  distributed,  loose  and  nuclear.  As  time  goes 
on,  the  periductal  tissue  becomes  more  and  more  condensed  or  differ- 
entiated and  the  alveoli  compressed.  The  latter  grow  smaller  and 
smaller,  and  one  by  one  disappear,  as  the  whole  lobule  shritiks  more 
and  more.  Eventually,  the  once  large  lobule  is  rejiresented  liy  a  minute 
congeries  of  alveoli  surrounded  bv  a  verv  small  ami  unit  of,  (ir  ]ierhaps 
by  no  distinctly  recognizable,  |ieriduct;d  tissue,  and  a  mere  \-estige  of 
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a  lobule  (  vestigfial  lobule).  In  tlie  course  of  time  these  also  may  dis- 
appear, and  the  only  parenchyma  to  be  found  in  the  breast  may  be  its 
ducts.  In  cases  with  complicating  conditions,  thinj^s  may  progress 
differently. 

The  .simplest  form  of  com])licaticin  is  conceived  to  result  from  the 
continuance  of  the  function  of  secretion  by  some  of  the  acini  after 
the  greater  number  have  ceased,  a  greater  and  more  disturbing  com- 
plication than  that  which  results  from  the  retention  <if  secretion  in 
the  ducts.  This  kind  of  interruption  of  involution  may  affect  all 
of  the  acini  of  a  lobule,  but  far  more  fre(|uently  only  a  few  of 
them.      When    it    occurs,    the    unat'fecied    acini    undergo    the    changes 
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Fig.  19  — Xccroiisy  spciiiinii  irdiii  tin  nunual  linast  nI  J.  H.,  wliitc  uomaii, 
aged  58,  showing  uncircum.scribed  vestigial  lobules  in  the  postclimacteric  breast. 
The  stroma  of  this  breast  was  highly  iniicinoiil  and  bnt  slightly  fattv.  (From  the 
Philadelphia  Cjeneral   Hospital.) 

already  described,  while  the  affected  ones  remain  dilated  and  their  cells 
unchanged.  The  subsequent  events  seem  to  depend  upon  the  duration 
and  permanence  of  the  acinar  dilatation.  Beginning  with  cases  in 
which  the  secretory  function  soon  ceases,  or  the  detained  secretion 
escapes,  it  is  found  that  the  emptied  acini,  instead  of  retracting  and 
contracting,  now  collapse,  their  o])posed  surfaces  falling  together,  so 
that  the  formerly  rounded  spaces  become  fissures  of  crevices  in  the 
cellular  area  representing  the  lobule.  In  such  cases,  which  by  the  way 
are  rare,  the  whole  lobular  parenchyma  seems  sometimes  to  undergo 
disappearance  liv   softening,  beginning  in  the   more  centrally  situated 
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portion,  and  t-xtcndins,'-  peripherally,  resolving  itself  into  more  or  less 
unrecognizable  debris,  which  when  later  removed  leaves  an  irregular 
space. 

But  when  the  secretory  function  persists,  or  obstruction  prevents 
the  escape  of  secretion  already  within  the  acini,  the  undilated  acini 
in  the  lobule  follow  the  usual  plan  of  involution,  while  those  that  are 
dilated  remain  unchanged  as  long  as  the  secretion  is  present,  or  at 
least  until  the  periductal  increase,  which  seeius  to  lead  to,  or  assist  in, 
the  parenchymatous  extinction,  is  completed,  and  one  of  the  prime 
factors  in  involution  has  disappeared.  The  result  is  the  frequent  pres- 
ence in   lobules,  otherwise   well  advanced   in   involution,  of   single   or 


Fig.  20. — Necropsy  specimen  from  normal  breast  of  F.  B.,  aged  62.  white. 
widow,  sliowing  uncircumscribcd  vestigial  lobules  in  the  breast  after  the 
menopause.      (Fmrn   tlie   Philadelphia   General   Hospital.) 

multiple  rounded  spaces,  usually  appearing  at  the  edges  of  the  lobules 
in  the  beginning,  but  projecting  from  the  edges  as  they  grow  smaller, 
and  eventually  becoming  entirely  separated  from  them,  though  still 
in  approximation  to  them  as  their  disappearance  progresses.  Though 
the  acinar  epithelium  elsewhere  disappears,  and  assumes  in  the  alveoli, 
which  represent  its  only  surviving  remnants,  a  crowded  and  indefinite 
arrangement,  that  lining  these  residual  acini  retains  much  its  original 
character  and  appears  as  a  single  layer  of  distinctly  cuboidal,  or, 
even  in  some  cases,  almost  columnar  cells,  possessed  of  considerable 
cytoplasm.  Such  structures  are  present  in  many  sections  of  mammary 
glands,  and  are  commonlv  looked  upon  as  sections  of  ducts,  or  groups 
of  ducts. 
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The  occurrence  of  such  acini,  in  varying  degrees  of  moderate 
dilatation,  among  others  naturally  retracted  and  extinguished,  causes 
a  peculiar  form  of  lobular  disruption,  that  constitutes  one  of  the  most 
striking  signs  of  past  lactation.  They  may  be  described  as  uncircum- 
scribed  lobules. 

The  peculiar  behavior  of  the  periductal  tissue  and  the  relatively 
large  quantity  of  it  that  appears  at  the  time  of  involution  lead  to  the 
conclusion  that  it  plays  an  important  part  in  the  extinction  of  the  epi- 
thelium. .Vppearing  as  a  highly  cellular  and  excessively  nucleated 
tissue,  it  soon  passes  beyond  the  nucleated  stage,  and  becomes  fibrillar. 
Its  (luantilv   varies   greatlv   in  different  cases,   that   is.   in   the   breasts 
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Fig.  21. —  .Vecropsy  spt'ciiiien  from  normal  lireast  of  C.  K..  agrd  84.  white, 
widow.  There  are  no  loliules.  but  their  former  position  is  indicated  by  epi- 
thelial lined  fissures  surrounded  by  condensed  connective  tissue  formed  by 
mixture  of  periductal  and  perilobular  tissue.  The  relation  of  the  interlobular 
tissue  to  this  altered  perilobular  tissue  is  well  shown.  (From  the  Philadelphia 
General   Hosjjital.) 


of  different  jjerxiiis,  in  the  different  breasts  of  the  same  person,  in 
different  ])arts  of  the  same  breast,  and  in  ditterent  parts  of  the  same 
lobule. 

In  what  may  be  regarded  as  typical  cases  it  is  not  strongly  in 
evidence,  and  the  typical  textbook  lobule  results  from  comparative 
uniformity  in  its  distribution;  but  from  this  it  passes  through  every 
intermediate  step  to  ca.ses  in  which  it  is  so  excessive  as  to  suggest 
beginning  periductal  fil)roma.  In  some  cases  it  presents  a  mucoid 
appearance,  that  is,  its  fibers  seem  to  be  separated  widely  by  some 
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intL-rnu'diatc  transhiceiU  Mib^tance,  as  in  cnihrvonal  tissue.  Under 
these  conditions  it  becomes  striking,  giving  the  decadent  lobule  a  great 
size  and  exaggerated  importance.  Like  the  epithelial  elements  of  the 
parenchyma,  however,  it  seems  doomed  to  final  extinction,  and  it  is 
easy  to  determine  the  truth  of  this  by  the  examination  of  a  series 
of  breasts  of  women  that  have  passed  the  menopause,  in  not  one  of 
which  are  excesses  of  the  periductal  tissue  to  be  found.  In  very  rare 
cases  fat  cells  penetrate  into  the  periductal  tissue. 

Its  final  disappearance  as  an  imjjortant  structure  seems  to  take 
jilace  l.)V  contraction,  by  rearrangement  and  by  confusion  with  the  peri- 
lobular tissue.     For  a  long  time,  it  is  a  distinct  entity  surrounding  the 


Fig.  22. — Necropsy  specimen  from  brea.st  of  L.  J.,  colored  woman,  aged  19, 
who  died  of  hemorrhage  from  ruptured  ectopic  pregnancy  in  the  third  month  of 
the  second  pregnancy.  The  section  shows  a  new  lobule  developing  to  the  left  of 
an  old  one  in  advanced  involution.     (From  the  Philadelphia  General  Hospital.) 

alveolar  elements,  sharply  separating  itself  from  the  perilobular  tissue 
and  making  a  sharp  boundary  for  the  lobular  structure.  As  the  lobules, 
however,  more  and  more  completely  disapjjear  in  the  breasts  of  the 
aged,  it  becomes  less  di.stinct.  blending  more  and  mure  with  the  peri- 
lobular tissue,  until  it  may  be  diflicult  to  define.  There  are  cases  in 
wliicli  the  l)reasts  of  old  women  contain  small,  regularly  formed  atypical 
]iareiKlnmatous  structures  that  may  l)e  either  rudimentary  or  vestigial 
^inictures. 

In  csiimating  the  rapidity  of  in\oIution.  and  noting  the  disappear- 
ance iif  tJie  Icjbules  after  the  nieno|)ause.  allowance  must  lie  made  for 
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certain  circumstances  that  seem  to  play  an  important  role  in  their 
extinction,  namely,  the  age  at  which  the  last  child  was  born,  and  the 
number  of  children  the  woman  has  had.  Thus,  accepting  47  as  the 
average  age  at  which  the  menopause  occurs,  some  women  have  their 
last  child  but  a  year  or  two  before,  others  as  many  as  twenty-five  years 
before.  In  the  former  case  there  will  be  large  quantities  of  parenchyma 
to  be  got  rid  of,  at  the  age  when  the  greater  part  of  it  should  already 
have  disappeared,  and  when  some  exhaustion  of  the  force  of  involution 
might  be  expected. 

Occasional  breasts  contain  large  lobules  years  after  the  meno|)ause. 
and  in  some  cases  small  lobules  as  well  as  vestigial  lobules  can  be  found 
initil  old  age.    The  facts  as  given  above,  however,  apply  to  the  a\erage 


Fig.  23. — Necropsy  specimen  from  normal  breast  of  M.  \.,  white  woman,  aged 
87,  married,  showing  a  small  lobule  composed  of  residual  lactation  acini,  with 
degenerated  eosinophilic  cytoplasm  of  the  remaining  epithelial  cells.  Many 
of  the  cells  are  without  nuclei,  and  some  have  become  fused  into  ill-defined 
masses.  All  of  the  remaining  parenchymatous  elements  in  the  breast  showed 
the  usual   staining  quality.      (From  the   Philadelphia   Cieneral   Hospital.) 

case,  and  the  conclusions  are  based  upon  the  careful  study  of  fifty-four 
breasts  of  women,  more  than  47  years  of  age. 

Before  dismissing  the  subject  it  is  necessary  to  ])oint  out  that  the 
rapid  growth  and  excessive  develoiiment  of  the  {periductal  tissue  seem 
to  be  a  function  of  youth,  and  that  involution  seems  to  jirogress  much 
more  rapidly  at  that  time  than  in  later  life. 

It  is  possible  that  with  each  successive  lactation  a  new  group  of 
lobules  evolves  and  declines.  It  is  usually  taught  that  the  second,  and 
later,  lobular  developments  are  through  the  resurrection  of  the  alveoli 
that  have  previously  entered  upon  the  "resting  state."    This  may  need 
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coiilirniatidii.  It  i--  xdim-iinies  ])(]ssil)lc  to  see  in  the  breasts  of  those 
that  have  (Ued  early  in  a  second,  or  later,  pregnancy  the  newly  forming 
lobules,  as  well  as  the  relics  of  the  antecedent  ones.  In  one  such  case 
the  new  acini  were  seen  forming  in  close  juxtaposition  to  an  old  lobule, 
but  seemed  to  be  cjuite  independent  of  its  structure. 

It  niav  be,  therefore,  that  the  lobule  having  once  performed  its 
function  declines  toward  final  extinction,  new  parenchyma  for  each 
lactation  being  formed,  as  the  preceding  parenchyma  was,  through 
budding  from  the  ducts. 

The  most  striking  apjiearances  observed  in  the  course  of  mammary 
involution  result  from  the  survival  of  some  of  the  lactation  acini.   These 
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Fig.  24. — Necropsy  specimen  from  normal  breast  of  M.  E.,  colored  woman, 
aged  55,  married,  twice  pregnant.  The  only  lobule  composed  of  residual  lac- 
tation acini  is  shown  in  the  illustration.  It  showed  highly  atrophic  eosinophilic 
epithelial  cells,  with  scarcely  any  intermediate  or  surrounding  periductal 
tissue.  There  was  scarcely  any  dilatation  of  the  acini.  All  the  other 
glandular  tissue  found  in  the  section  had  followed  the  usual  type  of  involution. 
(From  the   Philadelphia  General   Hospital.) 

will  be  spoken  of  as  residual  lactation  acini.  They  are  of  frequent 
occurrence,  present  a  variety  of  appearances,  and  have  been  the  subject 
of  various  and  erroneous  interpretation,  the  most  important  of  which 
is  the  supposition  that  they  are  the  beginning  of  tumor  development. 
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The  residual  lactation  acini  are  undoubtedly  known  to  all  surgical 
jialhologists  and  have  attracted  much  attention,  but  few  pathologists 
have  busied  themselves  so  much  in  endeavoring  to  determine  what  they 
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are,  as  in  determining  what  lliey  might  do.  It  was  in  reality  the  latter 
question  that  was  the  starting  point  of  the  present  investigation.  But 
hefore  it  was  possible  to  answer  that  question  it  was  necessary  to  find 
out  what  they  were.  It  seems,  therefore,  best  to  continue  the  considera- 
tion from  that  point  of  view. 

They  are  well  recognized  entities  in  cases  of  cancer  of  the  breast, 
and  occur  in  such  close  relationshi])  to  the  cancer  nests  as  easily  to 
have  led  to  the  supposition  that  they  are  its  starting  point.  They 
are  not  infrequently  pointed  out  as  the  precancerous  condition — "pre- 
cancerous stage  of  cancer."    They  are  also  frequently  found  in  normal 
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Fig.  25. — Necropsy  specimen  from  normal  lircast  of  E.  R.,  aged  72,  white, 
married,  mother  of  one  daughter.  Two  minute  cystic  residual  lactation  acini, 
from  the  walls  of  which  short  rounded  stumps  of  preexisting  intcracinar 
septums  project.  These  consist  of  irregularly  cuboidal  or  columnar  epithelial 
cells,  amalgamated  into  coalescent  masses  in  some  of  the  knobbed  processes, 
and  show  markedly  eosinophilic  cytoplasm.  The  nuclei,  when  preserved,  stain 
uniformly  and  intensely.     (From  the   Philadelphia  General  Hospital.) 

breasts,  then  sugge.sting  other  and  different  explanations,  as,  for 
example,  Kronipecher's  theory  that  they  are  aberrant  sweat  glands 
included  in  the  mammary  structure.  It  seems  as  though  all  of  these 
opinions  are  but  the  result  of  inadequate  knowledge  of  the  process  of 
involution  and  the  many  different  aijjjcarances  to  which  it  may  give 
origin. 

In  the  present  re.search  all  of  the  appearances  presente<l  by  normal 
breasts  collected  at  necropsy  have  been  carefully  collected,  arranged 
in  a  series  that  is  supposed  to  express  the  whole  sequence  of  events 
in  involution,  complicated  as  well  as  micnmplicated :  and  in  this  series. 
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lliesc  curious  residual  lactation  acini  have  their  regular  place.  It  has 
already  been  pointed  out  that  occasional  acini,  singly  or  in  groups, 
sometimes  fail  to  undergo  involution  at  the  regular  time  because  of 
com])licating  circumstances.  It  next  becomes  necessary  to  determine 
what  becomes  of  them. 

\\  hen  a  single  acinus  is  thus  disturbed,  it  soon  appears  in  a  marginal 
position  because  of  the  disajJiiearance  of  its  fellows,  and  may  even 
seem  to  be  an  entirely  separate  and  independent  entity  of  ductlike 
appearance;  groups  of  acini  meeting  the  same  fate  appear  as  approxi- 
mate ducts,  and  may  be  passed  by  the  microscopist  without  arousing 
interest.     It  seems  possible  that  occasional  structures  of  this  kind  may 


Fig.  26. — Necropsy  specimen  from  normal  breast  of  ¥..  K..  wliite  woman, 
aged  59,  married,  no  additional  data.  The  specimen  shows  a  group  of  residual 
lactation  acini  with  marked  projecting  stumps  of  atrophic  interacinar  partitions. 
The  epithelial  cells  lining  the  spaces  and  covering  the  stumps  are  columnar  in 
shape  and  highly  eosinophilic.  They  are  distinctly  atrophic,  and  confluence  of 
appro.ximated  cells   is   frequent.     (From   the   Philadelphia   General    Hospital.) 


disa])pear,  or  if  they  were  widely  dilated,  may  contract,  and  substan- 
tiall\-  change  their  a])i)earance,  the  lining  epithelial  cell  layer  being 
thrown  into  wrinkles,  and  the  cells  crowded  and  comjiressed  so  as  to 
appear  to  be  present  in  several  layers,  to  be  elongated,  columnar  and. 
in  rare  instances,  of  spindle  shajje.  (  )n  the  other  hand,  the  space  may 
undergo  further  dilatation  through  the  addition  of  fluid  contents,  until 
a  microcyst  is  formed.  Under  these  circumstances  the  space  becomes 
surrounded  with  H:ittened  epithelium.  Tliev  usuallv  escape  much  atten- 
tion, being  supposed  to  be  dilated  ducts. 
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If  instead  of  single  acini,  groups  of  them  or  considerable  parts 
of  the  lobule  become  residual,  a  different  appearance  results.  Atrophy, 
either  as  a  manifestation  of  the  general  process  of  involution  or  from 
the  pressure  exerted  by  the  dilated  spaces,  may  cause  the  interacinar 
septums  to  disappear,  and  the  neighboring  spaces  to  coalesce  into 
a  larger  space,  eitlier  regular  in  shape  if  filled  with  fluid,  or  irregular 
if  partly  empty,  and  made  peculiar  and  striking  in  appearance  by  the 
presence  of  relics  of  the  former  partitions  that  remain  projecting 
from  the  margins  in  the  form  of  stumps  that  may  be  simple  and  sug- 
gest folds  or  wrinkles,  or  complicated  and  suggest  papillary  excrescences. 
So  long  as  the  lining  epithelial  cells  are  not  substantially  altered. 
even  these  may  be  overlooked,  or  regarded  as  evidences  of  unimpor- 
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P'ig.  27. — Necropsy  specimen  from  normal  breast  of  A.  W.,  colored  woman, 
aged  40.  Nothing  concerning  the  personal  history  of  this  patient  could  be  found 
out.  Her  breasts,  however,  showed  such  quantities  of  parenchyma  in  advanced 
involution  that  there  seemed  to  be  no  doubt  of  antecedent  lactation.  The  irregu- 
larity of  involution  and  the  delay  in  the  atrophy  of  a  few  acini  of  a  lobule 
are  well  shown,  as  is  also  the  thinned  interacinar  partitions,  some  of  which 
seem  to  be  rupturing.  In  this  case  the  epithelial  cells  had  not  yet  assumed 
the  eosinophilic  quality  that  comes  with  advanced  atrophic  change.  (From 
the  Philadelphia   (leneral   Hospital.) 

tant  proliteratiim  of  benign  character.  But  if,  as  sc  comnKinly 
happens,  the  cells  take  on  a  highly  eosinophilic  staining  quality,  the 
whole  formation  becomes  so  striking  in  appearance  as  to  excite  interest 
and  give  rise  to  speculation.  Such  spaces,  lined  with  eosincSphilic 
epithelial  cells  seem  occasionally  to  retract,  their  crowded  cells  becoming 
compressed,  assuming  either  a  columnar  or  the  spindle  shape.  The  cells 
may  also  occur  in  several  layers;  the  acini  may  continue  to  dilate,  and 
the    iiUerspaces    to   attenuate    until    neighboring   acini,   of   large    size. 
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beciinie  .separated  liy  mere  slireds  dt  interacinar  e(inneeti\e  tissue,  with 
ei)iilielial  cells  mi  either  side.  These  later  attenuate  to  the  point  of 
rupture,  wlu'ii  neighboring  spaces  coalesce  with  the  formation  of  cysts. 
It  makes  no  difference  whether  the  rupture  of  the  partitions  comes 
early,  while  they  are  relatively  thick,  or  later  when  they  are  thinned 
h\  distention ;  the  end-result  is  the  same.  There  is,  in  either  case,  the 
formation  of  a  larger  space  into  which  the  vestiges  of  the  original 
partitions  jiroject  as  stumps,  covered  on  both  sides  with  the  same  eosin- 
ophilic epithelium  that  originally  lined  the  acini.  In  a  few  cases  the 
spaces  collapse,  their  walls  fall  together,  and  there  result  slitlike  spaces 
of  elongated  shape,  like  empty  ducts. 

More    frequently,    howexer,    the    spaces    continuously    dilate    until 
they    become   cysts,    varying    in    size    from    visibility   to   several    centi- 
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Fig.  28. — Necropsy  specimen  from  imrmal  breast  of  K.  C.  white  woman, 
aged  SS,  married,  showing  a  group  of  residual  lactation  acini.  The  partition  walls 
are  extremely  attenuated  and  some  have  ruptured,  leaving  stumps  projecting. 
Eosinophilia  was  just  appearing  in  some  of  the  cells  in  this  area.  (From  the 
Philadelphia   deneral   Hospital.) 

meters  in  diameter  ("blue  domed  cysts"  of  Bloodgood),  in  the  begin- 
ning lined  with  high  columnar  eosinophilic  epithelium,  sometimes  in 
several  layers,  later  with  cuboidal  cells,  still  l;itcr  with  flattened  cells, 
and  finally  without  distinct  cells  of  any  kind. 

The  varying  appearances  presented  in  dififerent  cases  and  at  different 
times  by  the  residual  lactation  acini,  may  be  arranged  serially  as 
follows  : 

1.  Single  acini,  or  groujis  of  acini  that  difil'er  from  their  fellows 
in  the  same  lobule,  in  that  tlie\-  escape  involution  and  remain  dilated. 


McFARLAXD— RESIDUAL    LACTATIOX     ACIM  35 

2.  Similar  structural  units,  remaining  at  the  edges  or  near  the 
periphery  of  lobules  well  advanced  in  the  process  of  involution.  They 
are  lined  with  single  or  multiple  layers  of  epithelial  cells  like  those  of 
the  acini  in  general,  though  sometimes  the  cells  are  more  columnar  in 
shape  and  more  crowded. 

3.  Similar  units,  with  all  of  the  de.>;cril)cd  ([ualities,  iK-curring  in 
the  ])erilobular  tissue,  and  seemingly  apart  from  any  lobules. 

4.  Groups  of  such  units,  the  individual  memljers  of  which  are  sepa- 
rated from  one  another  by  cimsidcrable  intcr\als  of  tihrillar  connective 
tissue. 

5.  (iroups  whose  members  are  se])araled  by  narrnw  inlcr\als, 
scarcely  consisting  of  more  than  a  double  row  of  epitheli.nl  cells. 
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Fig.  29. — Necropsy  specimen  from  normal  breast  of  B.  D.,  white  woman,  aged 
75.  married,  showing  three  residual  lactation  acini  very  indistinctly,  because  the 
eosinophilic  quality  of  the  cells  was  so  marked  as  to  make  it  difficult  to  photo- 
graph their  red  bodies.  The  partitions  are  thin  but  have  held,  and  there  are 
no  stumps.  The  spaces  give  the  impression  of  partial  collapse.  (From  the 
Philadelphia  General   Hospital.) 

6.  (iroups  in  which  tile  contraction  of  ibe  space  crowds  the  ejM- 
thelial  cells  and  cau.ses  them  to  encroach  u])on  the  lumen,  with  an 
appearance  of  proliferation. 

7.  Groups  in  which  distention  of  the  space  results  in  the  formation 
of   microcysts,   with  various  ejiithelial   cell   linings. 

8.  Groups  in  which  the  epithelial  cells  early  ac(|uire  an  eosinopiiilic 
staining  quality,  and  a  relatively  large  size.  Such  quality  may  charac- 
terize any  of  the  groups  previously  mentioned. 

9.  Groups  of  any  of  the  foregoing  in  whicli  the  atrophy  of  the 
intermediate  partitions  between  the  imits  causes  them  to  coalesce. 
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10.  (  ln)ii])s  of  sucli  kind  in  wiiich  tiif  ;,tumi)s  nf  tlic  partitions 
remain  projecting  into  the  common  space,  covered  with  epitlu'lium  of 
the  same  quality  as  that  which  lines  the  spaces. 

11.  Cystic  dilatation  of  such  coalescent  acinar  spaces,  with  gradual 
obliteration  of  the  projecting  stumps  of  the  original  interacinar  spaces. 

12.  C'\sts  that  may  be  several  centimeters  in  diameter,  formed 
througli  the  dilatation  of  single  or  coalescent  acini  of  any  of  the  forms 
mentioned. 

l.v  irregular  crevices  or  spaces  in  the  tissue  of  the  breast  that 
follow  atrophy  of  the  interacinar  partitions  ami  collapse  of  the  acini. 

Thus,  the  careful  study  of  what  is  to  be  found  in  the  norma! 
breast  in  its  various  stages  of  involution,  and  the  arrangement  of  the 
peculiar  modifications  of  the  process  of  involution  in  series,  leads  to 


Fig.  30. — Necroi)sy  specimen  from  normal  breast  of  F.  B.,  aged  68,  wliite 
widow,  .showing  several  residual  lactation  acini;  the  larger  with  stumps  of 
atrophied  interacinar  septums  projecting  from  the  upper  side.  The  scanty  epi- 
thelial lining  was  highly  eosinophilic  in  quality  and  cells  had  frequently 
coalesced.      (From   the    Pliiladelphia   (General    Hospital.) 


the  inevitable  ct)nclusion  that  the  "Schweiszdriisen"  of  Krompecher,  the 
"cyst-adenoma"  of  Schiiumelbusch,  the  "senile  parenchymatous  hyper- 
trophy" of  Bloodgood,  the  "abnormal  involution"  of  Warren,  the 
"secotidarv  epithelial  hyperplasia"  of  McCarthy,  etc.,  are  no  more  than 
variations  in  the  involutional  process,  in  which  residual  lactation  acini 
appear  in   \arious  conditions  of  retrogressive  change. 

One  of  the  first  to  call  attention  to  the  presence  of  the  residual 
lactation  acini,  and  to  connect  them  with  the  process  of  involution,  seems 
to   lia\e   been    Charles   Creighton,   in   his   hook   "Contrilititions   to   the 
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Physiology  and  I'athohigy  of  the  Breast,"  published  in  1878.  Me, 
however,  made  the  error  of  siipposinsj  that  they  were  abnormal,  and, 
as  others  have  ever  since  done,  assiinied  ih.it  ilu  y  were  the  starting 
point  of  malignant  tumors. 

Creighton  saw  the  changes  in  the  mammary  gland  of  a  bitch,  and 
as  it  seemed  to  him  to  be  a  striking  variation  from  the  normal,  con- 
cluded that  it  must  be  abnormal.  Had  he  studied  many,  instead  of  a 
few,  glands,  he  might  have  come  to  a  different  conclusion. 

I!ut  thi^  brings  u])  the  pertinent  (|nestion  of  it>  nurmality  or  abnor- 
mality.      The    mammary    glands    tliat    formed    the    material    for    this 


Fig.  31. — Surgical  specimen  from  the  breast  of  a  married  woman  of  whose 
personal  history  no  data  could  be  obtained,  showing  the  smallest  of  a  group  of 
small  cysts.  The  organ  was  supposed  to  be  cancerous,  but  no  disease  was  found. 
The  irregular  epithelial  lining  shows  well,  and  the  stumps  of  the  former 
interacinar  septums  are  numerous.  All  of  the  epithelium  is  highly  eosinophilic; 
many  of  the  cells  are  shapeless,  and  some  have  coalesced.  The  debris  seems 
to  be  composed  of  eosinophilic  cell  remnants. 


research  were,  as  nearly  as  could  be  determined,  normal ;  that  is,  they 
were  taken  at  necropsy  from  organs  seemingly  normal,  and  from  the 
bodies  of  those  that  had  not  com])laine(i  of  breast  troubles  during 
life.  The  authorities  of  the  hospital  from  which  most  of  the  material 
was   obtained    do    not    permit    the   mutilation    of   bodies    upon    which 
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necropsies  are  pcrl'onufd.  and  arc  strict  ahnnt  the  niinilier  and  ciiar- 
acter  of  the  incisions  permitted,  so  the  renioxal  and  examination  of  the 
entire  breast  was  not  possible.  Fragments  alone  were  obtained  for 
examination,  removed  from  the  back  of  the  breast  exposed  as  the 
tissues  were  dissected  from  the  chest  w;dl.  In  most  cases  the  amount 
of  ti>>ue  was  small,  and  selected  without  an_v  definite  jjurpose  in  view. 
.\  more  thorouj;h  exphn-alion  mioht  have  afforded  added  opportunity 
of  demonstrating  the  presence  of  the  residual  lactation  acini,  biut  of 
the  material  oI)tained  in  this  somewhat  haphazard  fashit)n,  twenty- 
three    of    the    130    mammary    glands    showed    their    presence — 15.33 


Fig.  3.^. — Necr(ips\  specimen  from  normal  Itreast  of  A.  McL.,  aged  66,  white, 
widow,  with  one  child,  showing  a  group  of  microcysts.  Two  of  them,  on  the 
right,  show  interacinar  stumps  and  have  eosinophilic  epithelium.  (From  the 
Philadeliihia   General   H()S|)ital. ) 


per  cent.     Is  that  to  be  regarded  as  abnormal   that  occurs  in  such  a 
large  number  of  cases? 

But  inasmuch  as  a  number  of  the  cases  were  inappropriate  for 
the  discovery  of  the  residual  lactation  acini  because  the  women  from 
whom  they  were  taken  had  never  lactated,  the  percentage  rises  when 
it  is  based  upon  the  cases  in  which  it  ought  to  appear.  Among  the  150 
cases,  there  were  ninety-two  in  which  the  women  were  known  to  have 
been  married  or  to  ha\e  had  children,  and  of  these  the  residual  lacta- 
tion acini   occurred    in   twenty-three,  or  25   per  cent.      Thus,  it   seems 
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that  one  fourth  of  the  women  whose  breasts  have  been  functionally 
active  show  this  modification  of  involution,  even  though  the  examina- 
tion of  their  breasts  was  sui>erficially  made.  The  average  age  of  the 
women  in  whose  breasts  residual  lactation  acini  were  found  was  59 
vears.     The  youngest  was  33.  the  oldest  103  years. 

But  the  final  confirmation  of  the  theory  rests  upon  tlie  dcnionstra- 
tion  of  residual  lactation  acini  in  the  breasts  of  women  that  have  been 
pregnant,  and  their  constant  absence  from  the  breasts  of  others.  This 
requirement   it   is  impossible  to   fulfil   because  of  the  ini])ossibility  of 


Fig.  3.?. — Surgical  specimen  .showing  a  group  of  cysts,  distinctly  visible  to  the 
naked  eye.  in  relation  to  the  involuted  lobule  from  whose  dilated  elements  they 
sprang.     These  cysts  have  smooth  walls. 


accurately  determining  who  had  and  who  had  not  been  pregnant  among 
women,  some  of  whom  may  for  a  variety  of  reasons  conceal  or  deny  it. 

The  following  plan  seemed  to  be  an  appropriate  means  for  reaching 
the  truth  as  nearly  as  possible : 

I.  The  determination  of  the  i)ercentages  of  married  and  single 
women  among  the  ca.ses  of  normal  breasts  secured  at  necropsy,  in 
which  the  residual  lactation  acini  were  found.  The  results  were: 
cases,  23:  married,  23 — 100  i)er  cent. :  single,  0 — 0  per  cent. 
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II.  As  the  j)resence  of  residual  lactation  acini  is  one  of  the  criteria 
for  the  diagnosis  of  the  condition  variously  described  as  chronic  cystic 
mastitis,  abnormal  involution,  cyst-adenoma,  etc.,  to  assemble  as  many 
of  these  surgical  cases  as  possible,  and  determine  the  percentages  of 
married  and  single  women  among  them. 

The  results  were:  McManes  Laboratory  of  Pathology,  University 
of  Pennsylvania,  4  cases ;  Laboratory  of  Surgical  Pathology,  University 
of  Pennsylvania,  26  cases;  Laboratory  of  Gynaecological  Pathology, 
University  of  Pennsylvania,  8  cases ;  Laboratory  of  Surgical  Pathology, 
Medico-Chirurgical  Hospital,  Philadelphia,  13  cases;  Laboratory  of 
the  Lankenau  Hospital,  Philadelphia,  15  cases,  and  Laboratory  of  the 
Presbvterian  Hosjiital,  Philadelphia,   1  case;  total,  67  cases. 
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Fig.  34. — Surgicall\  n.iiiii\cil  Init  norma!  breast  of  M.  M.,  aged  32,  white, 
one  child.  It  shows  a  collection  of  microcysts,  with  sinooth  walls  and  cnlioidal 
epithelial  lining.  The  cells  are,  however,  highly  eosinophilic.  (From  the 
Philadelphia  General  Hospital.) 


These  were  divided  thus:  cases,  67:  married.  .T,-i — 79.1  per  cent., 
single,  8 — 11.94  per  cent.;  unknown,  6. 

III.  By  collecting  all  of  the  cases  of  cancer  of  the  breast,  combined 
with  the  condition  mentioned  above,  and  determining  the  percentages  of 
married  and  single  women,  there  were:  cases.  1,5:  married,  12 — 92.3 
per  cent. ;  single,  1 — 7.7  per  cent. 

I\'.  By  histologic  examination  of  the  breasts  of  the  "single"  and 
"unknown"  cases  to  see  what  they  show  in  the  way  of  signs  of  ante- 
cedent pregnancy  and  lactation.  Of  such  cases  there  were:  "single," 
normal  cases  from  necropsy,  0;  benign  surgical  cases,  8;  malignant 
surgical  cases  (cases  with  cancer).  1  ;  "unknown",  6;  total,  15. 
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In  every  one  of  these  fifteen  cases,  there  were  apjiearances  highly 
suggestive  of  postlactation  involution.  But,  as  local  disturbances  some- 
times arouse  the  mammary  tissue  to  develop  large  lobules  like  those 
of  pregnancy — as  in  the  surroundings  of  the  encapsulated  benign 
tissues  studied  with  Bloodgood — it  is  not  possible  to  be  certain  that 
these  women  were  parous. 

\".  If  residual  lactation  acini  are  of  freijuent  occurrence  in  the 
mammary  glands  of  women,  and  have  the  origin  ascribed  to  them, 
thev  ought  also  to  occur  in  the  mammary  glands  of  animals.  That  they 
do  is  a  matter  easy  of  demonstration.  In  two  of  the  mammae  of  the 
first  bitch  subjected  to  examination,  they  were  found  in  abundance,  and 
in  the  most  characteristic  fnrni.  wiih  ilu-  t\iiic,il  inMnophilic  epithelial 
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Fig.  35. — Necrop»>  .•.ijcoiintii  iroiii  iu>riiial  brtast  ol  E.  S.,  white  woman,  aged 
4-}.  married,  showing  early  form  of  residual  lactation  acini  in  a  breast,  most  of 
which  shows  ordinary  and  regular  involution.  Note  that  only  the  upper  left 
part  of  the  lobule  is  affected,  and  that  the  dilated  acini  are  partly  filled  with 
amorphous  matter.  The  pale  appearance  of  the  cells  of  the  affected  area  as 
contrasted  with  the  rest  is  due  to  their  eosinophilic  character.  (  From  the 
Philadelphia  General   Hospital.) 

cells.  Indeed,  in  these  glands,  almost  the  entire  gannit  of  tlie  invnlutioii 
process  could  be  followed.  .Analogous  ajjpearances  were  also  found 
in  the  mammae  of  rats,  though  less  typical,  and  lacking  the  eosinophilic 
character  of  the  cells. 

Attempts  to  ascribe  a  definite  tiine  limit  to  the  involution  of  the 
mammary  parenchyma  after  lactation  ha\e  been  without  results.  It 
seems  to  fake  place  more  rapidly  in  youth  than  later  in  life,  so  that  the 
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age  at  which  the  individual  became  j^regnant  wmild  atlect  ii.  Repeated 
pregnancies  obscure  the  picture,  through  the  introchiction  of  new 
lobules,  if  they  do  not  revive  already  existing  ones.  The  time  at  which 
the  involution  jjrocess  is  begun  must  have  great  influence,  because  of 
the  varying  quantities  of  parenchyma  to  be  dealt  with.  Thus,  in  cases 
of  abortion  or  miscarriage,  complete  lactation  hypertrophy  does  not 
occur,  and  involution  begins  in  a  gland  only  partly  evolved.  If  the 
child  is  born  dead,  or  if  the  mother  refuses  to  nurse  it,  though  the 
parenchyma  be  fully  formed,  it  may  not  reach  full  secretory  activity, 
and  more  easily  undergoes  involution  than  when  it  has  secreted.  If 
the  secretion  fails,  the  acini  will  perhaps  be  empty,  and,  the  infant 
being   artifu-iallv    fed.    the   breast    undergoes   in\olution    unimpeded   bv 


Fig.  36. — Specimen  from  normal  lircast.  surgically  removed,  of  A.  B.,  aged 
40,  white,  single,  showing  area  of  residual  lactation  acini  which  was  found 
among  normally  appearing  lobules  of  the  textbook  variety.  The  rupture  of 
numerous  interacinar  partitions  is  shown.  When  such  rupture  occurs  the  cells 
are  more  highly  eosinophilic  than  elsewhere;  but  the  preservation  of  the  area 
is  too  perfect  to  permit  much  eosinophilia.  In  various  places  the  interacinar 
stumps  are  distinct. 

accumulations  of  its  own  products.  In  any  case  the  drainage  of  the 
mammary  tissue  may  be  unequal  in  different  parts,  and  those  that 
empty  completely  may  atrophy  more  quickly  than  others  in  which  some 
secretion  is  retained.  So  many  factors  thus  combine  to  complicate  the 
process  in  human  beings  that  it  is  difficult  to  arrive  at  any  conclusion, 
especially  when  to  all  these  there  must  be  added  the  inability  to  obtain 
precise  information   regarding  the  history  of  the  ]5atient. 
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But  what  is  known  is  tiiat  in  some  cases,  as  that  of  the  young 
woman  of  19  years,  to  wiioni  reference  has  already  been  made,  most 
of  the  parenchyma  had  chsaijpeared  within  a  year  after  the  birth  of 
her  baby,  while  in  others,  it  remains  for  many  years.  In  one  case,  that 
of  a  woman  whose  history  is  well  known,  the  second  child  was  born 
when  she  was  about  27.  At  about  43  a  breast  was  removed  for 
"abnormal  involution  with  suspicion  of  cancer."  In  it  a  tiny  scirrhous 
carcinoma  was  found,  entirely  too  small  to  have  been  recognized 
clinically,  and  all  stages  of  mammary  involution  were  found,  among 
them  a  few  lobules  that  still  sliowed  unchanged  lactation  hypertro])hy 
resembling  that  seen  in  tin-  fullv  acting  breast,  sixteen  years  after 
lactation.      Between    them    and    nd\anccd    involuticjn    of    the    lobules 


Fig.  37. — Necropsy  specimen  from  normal  breast  of  E.  H.,  aged  60,  white, 
married,  one  child.  This  beautiful  area  of  residual  lactation  acini  was  some- 
what injured  in  preparation,  and  was  too  highly  eosinophilic  to  photograph 
well.  It  shows  all  stages  from  fairly  well  preserved  acini  to  cystically  dilated 
spaces  without  epithelial  linings.  Some  of  the  spaces,  such  as  that  at  the 
lower  left,  show  interacinar  stumps  covered  with  highly  eosinophilic  cells. 
(From  the  Philadelphia  (leneral   Hospital.) 


there  was  every  intermediate  stage.  What  caused  these  lobules  to  remain 
unchanged  throughout  all  those  sixteen  years  could  not  be  determined, 
.'seeing  that  a  few  or  many  of  the  mammary  lobules  inay  thus 
remain  exempt  from  involution  for  .so  long  a  period,  and  that  in  many 
cases  involution  is  very  slow,  it  is  not  surprising  that  through  delay 
in  the  involution  of  occasional  units  of  the  mammary  structure  the 
residual  lactation  acini  may  appear.  Nor,  having  appeared,  ought  it 
be  regarded  as  remarkable  that  they  may  persist. 
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Mill  witli  llu'  lapse  (it  time  they  are  likely  to  undergo  certain 
changes.  (  )ne  of  the  earliest  and  most  striking  of  these  is  the  occur- 
rence of  the  eosinophilic  quality  of  the  cytoplasm  of  the  cells.  In 
some  cases  this  seems  to  make  its  appearance  early;  in  others,  late. 
Naturally,  this  is  only  a  deduction,  not  a  demonstrated  fact,  and  is 
hased  upon  the  observation  that  it  may  occur  in  acini  situated  in  the 
midst  of  lobules  in  an  early  stage  of  in\  olution,  at  other  times  in  groups 
of  acini  whose  surroundings  show  them  to  be  old,  and  in  aged  women. 

In  many  cases,  accumulated  products  of  degeneration  may  be 
observed  in  the  spaces  formed  by  the  coalescence  of  closely  approxi- 
mated acini,  evidently  composed  of  the  detritus  of  the  desquamated 
.-md  disintegrated  eiiithelial  cells  set  free  by  the  wasting  and  rupture 


Fif{.  38. — Specimen  from  a  woman's  breast,  surgically  removed  and  suspected 
of  bein.iJ  carcinomatous.  No  other  data  available.  No  tumor  of  any  kind  was 
present,  but  several  areas  of  residual  lactation  acini  were  found,  one  of  which  is 
shown  in  the  illustration.  The  atrophy  of  the  interacinar  partitions  is  marked, 
and  the  eosinophilic  quality  of  the  epithelial  cells  well  developed.  The  area  shown 
in  the  illustration  shows  unruptured  partitions,  stumps  of  ruptured  partitions, 
and  amalgamated   masses  of  cells. 


of  the  interacinar  |)artitions.  The  residual  lactation  acini  ditier  greatly, 
ho\ve\er,  in  this  respect.  Many  are  empty,  some  contain  a  little,  some 
are  nearly  filled  with  matter  of  varying  quality,  some  like  jelly,  some 
granular,  and  some  composed  of  pyellets  of  amorphous  matter,  which 
in  one  case  was  found  to  have  calcified,  with  the  formation  of  laminated 
chalcospheres.  Some  of  these  accumulations  may  be  as  old  as  the  acini 
themselves,  and  mav  ha\e  been  the  source  of  the  obstruction  to  which 
the  rct;irdation  of  iinolution  has  been  ascribed  ;  but  others  are  undoubt- 
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edly  relatively  recent.  It  seems,  moreover,  that  to  their  presence  may  be 
referred  the  subsequent  distention  of  the  acini  with  the  formation  of 
cysts  that  seem  to  be  of  frequent  occurrence.  In  regard  to  these  it  is 
not  assumed  that  they  act  only  or  even  chiefly  as  sources  of  obstruc- 
tion, but  as  material  whose  transformation  is  accompanied  by  the  for- 
mation of  chemical  products  whose  affinity  for  water  leads  to  its 
accumulation  with  dilatation  of  the  spaces.  It  is  with  the  development 
of  cysts  of  large  size  or  considerable  number  that  such  cases  become 
known  to  the  surgeon  from  whom  the  patients  seek  a<l\ite,  and  by 
whom  they  are  commonly  o])craled  on. 


Fig.  39. — Specimen  showing  an  area  of  residual  lactation  acini  in  a  breast 
surgically  removed  for  suspected  cancer.  \o  data  concerning  the  patient  was 
available.  There  was  no  tumor,  and  no  other  disease.  The  group  of  spaces  is 
highly  characteristic.  Xumerous  acini  are  not  much  changed ;  others  are  united 
as  the  result  of  atrophy  of  the  interacinar  septums ;  relics  of  septums  project  in 
many  places  as  stumps,  some  of  which  arc  reduced  to  budlike  masses  of  amal- 
gamated eosinophilic  epithelial  cells. 

Since  the  term  chronic  cystic  mastitis  has  been  adopted  by  Blood- 
good  in  his  recent  paper,  it  will  he  adopted  here.  Chronic  cystic  mas- 
titis, though  described  in  the  textbooks,  and  elaborately  discussed  in 
many  journal  articles,  is  in  reality  a  vague  disturbance.  The  age  at 
which  it  usually  makes  its  appearance  corresponds  fairly  well  with  the 
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cliild  licaring  period.  It  is  clinically  characterized  by  \ague  discomfort 
in  one  or  both  breasts,  which  when  examined  arc  found  to  l)e  tender 
and  to  contain  one  or  several  ill-defined  indurations,  or  "lumiJS,"  which 
sometimes  confuse  the  surgeon  l)y  seeming  to  be  jircsent  at  certain 
times  and  absent  at  others. 

It  is  jiathologically  characterized  liy  cysts,  oci'urring  singly  or  in 
groups,  surrounded  by  condensed  stroma,  in  which  mammary  tissue 
in  various  (|uantity  and  diliferent  conditions  is  present.  One  of  its 
striking,  but  not  invariable,  characteristics  is  the  presence  of  parenchy- 
matous structures,  like  exaggerated  acini,  or  ducts,  lined  with  more  or 
less  distinct  columnar  epithelium,   from  the  walls  of  which  simple  or 


Fig.  40. — Necropsy  ^iitaimcn  nl  nurnial  lircaj-t  of  T.  S.,  aged  40,  colored, 
widow,  said  not  to  have  had  chihlren,  a  statement  which  the  histologic  struc- 
ture of  the  hreast  makes  very  doubtful.  The  illustration  shows  one  of  the 
groups  of  spaces  looked  upon  as  residual  lactation  acini.  It  is,  however,  in  an 
advanced  state  of  atrophy  with  destructive  transformation  of  nearly  all  of  the 
cells.  Projecting  stumps  w'ith  eosinophilic  coalescent  cells  may  still  he  seen  in 
the  space  at  the  right  edge.     (From  the  Philadelphia  General  Hospital.) 


xtcnd  into  the  luniina.     Such  lobules  as  appear 
coiumonly  ])resent  ine(|uality  of  the  periductal 


dentlritic  ]irojection 
in  the  examined  tis 
tissue. 

Bloodgood"s  '  article  is  one  of  the  most  masterly  and  comprehensive 
articles  that  have  ajjiieared  on  the  subject,  and  is  based  on  the  macro- 
scopic  and   microsco])ic  examination   of   ,i.^0  cases — an    overwhelming 


1.  Bloodgood,  .1.  C. :  The  Pathnlogy  cf  (.hrfuic  Cystic  Mastitis  of  the  Female 
Breast.  Arch.  Surg.  3:44.S   (  Xov. )    1921. 
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volume  of  material,  well  studied,  and  well  analyzed.  If,  however,  he 
had  not  fallen  into  one  of  the  most  frequent  errors  to  be  avoided  in 
patholofific  work,  that  of  comparing  the  cases  with  one  another,  instead 
of  with  the  normal  breast,  the  article  would  ])robably  have  been  written 
in  some  other  form,  ami  the  cumbersome  numcnclatiirc  with  which  it 
terminates  omitted. 

Now  when  the  tindings  in  chronic  cystic  mastitis  are  carefully 
analyzed,  and  compared  with  the  findings  in  the  normal  breast,  they 
resolve  themselves  into  very  little,  apart  from  the  presence  of  the  cysts. 
Taking  first  the  condition  of  the  stroma,  it  will  be  recalled  that  one  of 


Fig.  41. — Section  of  a  surgically  removed  breast,  showing  residual  lactation 
acini  similar  to  those  seen  in  Figure  40. 

the  fir.st  observations  made  in  the  present  research  was  that  unless  there 
was  present  some  distinctive  disturbance,  such  as  round-cell  infiltration, 
hemorrhage  or  calcification,  nothing  could  be  learned  from  its  study 
because  of  the  extreme  variability  of  its  normal  structure.  The  pres- 
ence of  a  growing  cyst,  pushing  aside  the  fibrous  tissue  and  causing 
atro])hy  of  the  adijxjse  tissue,  may  give  the  stroma  unusual  density  by 
condensation,  but  that  is  not  chronic  inflammation.  The  illustrations  in 
Bloddgood's  article  show  no  disturbances  that  cause  the  stroma  to 
differ  from  that  seen  in  the  normal  breast. 

When   the  periductal  tissue  is  prominent,   and  especially  when   it 
lacks  uniformitv  of  distribution  in  the  lobules,  the  condition  is  referred 
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to  by  Bloodgood  as  chronic  cystic  mastitis,  but  that  is  the  condition  of 
the  same  tissue  in  nearly  all  of  the  lobules  of  the  normal  breast.  Noth- 
ing is  shown  as  a  pathologic  change  in  this  tissue  that  is  not  perfectly 
paralleled  in  t\\v  ncirnial  breasts  that  form  the  basis  of  the  present 
research. 

Ii  must,  therefore,  be  the  parenchyma  to  which  one  is  compelled  to 
liiiik  for  the  specific  changes.  And  here  firm  ground  seems  at  first  to 
ha\c  been  reached,  for  there  are  many  illustrations  bearing  the  legend 
"])a])illary  cyst-adenoma." 

That  designation  for  residual  lactation  acini  has  so  frequently  been 
dwelt  on — not  exactly  that,  but  "cyst-adenoma" — that  it  immediately 
demands  careful  study  of  the  illustrations  to  see  how  what  is  rei)re- 
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A.  If- 


Fig.  42. — Necropsy  spcciiiRii  imiii  imiiiia!  luLa-.i  w.  iC.  K.,  v.iiiu  .ujiimn,  aged 
54,  married,  showing  a  large  lobule  of  residual  lactation  acini  in  which  there  has 
been  very  little  atrophic  change.  The  irregular  slits  in  the  parenchyma  seem 
to  be  originally  dilated  spaces  that  have  collapsed.  The  epithelial  cells  every- 
where are  in  a  fair  state  of  preservation  but  are  very  pale,  with  pale  vesicular 
nuclei,  and  slightly  eosinophilic  clear  cytoplasm.  The  general  appearance  is 
like  that  seen  in  many  cases  shortly  after  lactation,  except  for  the  altered 
staining  quality.     (From  the  Philadelphia  General  Hospital.) 

sented  may  differ  from  what  has  been  the  main  subject  of  the  present 
research.  Comparison  shows  that  there  is  no  difference :  they  are  the 
same.  One  is,  therefore,  comj^elled  to  question  whether  there  is  really 
anything  to  be  found  in  these  cases,  except  the  cysts,  that  may  not  be 
present  in  the  normal  breast  in  soine  stage  of  its  involution,  with  the 
inevital)le  discovery  that  there  is  not. 
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Chronic  cystic  mastitis,  therefore,  seems  to  resolve  itself  into  no 
more  than  the  occurrence  in  the  breast  of  cysts  of  larger  than  usual 
size  after  postlactation  involution,  the  other  associated  disturbances 
being  no  more  than  errors  of  interpretation  based  on  inadequate 
familiarity  with  the  details  of  the  involution  process. 

It  seems,  therefore,  that  there  being  no  mastitis  in  these  cases,  there 
can  be  no  chronic  cystic  mastitis,  and  all  that  occurs  is  the  presence  of 
cvsts  of  a  size  larger  than  that  reached  in  the  course  of  involution. 
But  one  matter  of  serious  import  is  to  be  considered,  and  that  is  the 
emphasis  laid  on  "adenoma,"  "cyst-adenoma"  and  above  all  on  "papil- 
lary cyst  adenoma"  in  Bloodgood's  paper. 


Fig.  43. — Necropsy  specimen  iruiii  uuiinal  brciisl  ut  E.  F.,  aged  56,  white, 
widow,  showing  area  of  residual  lactation  acini  in  which  the  atrophic  changes 
are  further  progressed  than  in  Figure  42.  The  rounded  space  on  the  left  still 
shows  the  skeleton  of  its  acinar  structure,  while  the  irregular  one  on  the  right 
leaves  one  in  douht  as  to  its  nature.  It  might  he  either  a  completely  trans- 
formed lohule  or  a  duct  filled  with  debris,  such  as  must  eventually  result  from 
further  degeneration  in  the  other.  Scarcely  any  cells  are  recognizable  except 
by  their  form  and  position,  and  all  are  eosinophilic.  (From  the  Philadelphia 
General  Hospital.) 


The  employment  of  these  terms  for  the  explanation  of  what  could 
not  be  satisfactorily  accounted  for,  namely,  the  dilated  acini  with  their 
eosinophilic  epithelium,  and  occasional  mural  papillary  projections, 
termed,  in  this  article,  residual  lactation  acini,  was  first  introduced  by 
Schimmelbusch. 
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It  is  proljablc  that  SchimnH'Il>u>ch  had  just  as  inadequate  iiifcinua- 
tion  on  the  manifold  appearances  ijfesented  by  the  breast  in  invcihnion 
as  any  otlier  patholn£;isl.  and  that  he.  therefore,  made  a  mistake.  But 
it  is  a  pitv  that  it  should  be  perpetuated  by  continued  application  to 
appearances  common  in  a  lar,£;e  number  of  the  mammary  glands  of 
hiuuan  beings  and  animals  during  niaiumary  in\-olution. 

Bloodgood  goes  farther  and  seems  entirely  to  disregard  the  fact 
that  the  mammary  glands  of  women  that  have  recently  lactated  contain 
large  lobules,  and  in  his  illustrations  he  applies  the  term  "nonenca])su- 
lated  adenoma"  to  nearly  all  of  the  normal  mammary  parenchyma  that 
appears  in  his  sections.  Thus  the  reader  is  left  with  the  impression 
that  the  mammary  gland  is  iieculiar  in  that  it  may  be  the  seat  of  "encap- 


Fig.  44. — Necropsy  specimen  Jnun  normal  lireast  of  J.  F..  aged  75,  white, 
widow,  nine  times  pregnant.  Tlie  residnal  lactation  acini  in  this  case  are  less 
distinct  and  less  regular  than  those  that  have  preceded  it.  and  the  cells  lack 
the  eosinophilic  quality.  The  shape  and  general  arrangement  of  the  structure, 
however,  leave  one  in  little  donljt  as  to  its  origin.  (From  the  Philadelphia 
General  Hospital.) 

sulated"  and  "nonencapsulated"  adennnias.  the  latter  of  which  in  no 
way  differ  in  appearance  from  the  normal  mammary  tissue,  and  of  an 
uncircumscribed  tumor,  the  "cyst-adenoma"  which  diffuses  itself 
throughout  the  breast,  or  occurs  at  multi])le  fuci. 

Schimmelbtisch's  "c\st-aden(inia"  is  a  misinter])retatiiin.  It  ascribes 
to  the  decadent  residual  lactation  acini  an  importance  of  which  they 
are  unworthy,  and  leads  to  the  belief  that  they  are  vital  growing  things, 
when  the  evidence  is  strikingly  in  fa\(ir  of  their  being  jjrecisely  the 
opposite. 
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From  the  examination  of  some  single  section,  in  which  a  gronj)  of 
the  residual  lactation  acini  are  well  preserved  and  jjrovided,  as  some- 
times happens  with  several  rows  of  epithelial  cells,  or  in  which  the 
collapse  of  the  decadent  acini  causes  crowding  of  the  cells  at  particular 
]ioints.  it  may  sometimes  be  suggested  that  the  appearances  are  pro- 
liferative; but  after  many  cases  have  been  studied,  one  becomes  over- 
whelmed with  the  evidence  to  the  contrary,  manifested  by  the  eosin- 
ophilic cytoplasm,  the  presence  of  anuclear  cell  remnants  among  the 
still  living  cells,  the  frequent  descjuamation  of  the  cells  without  their 
regeneration,  the  contraction  and  condensation  of  many  of  the  groups 
of  acini,  the  necrotic  residuum  of  amorphous  matter  that  collects  in 
the  older  lesions,  and  the  general  inactivity  of  the  cells,  and  other  fea- 
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Fig.  45. — Necropsy  specimen  from  normal  l)reast  of  H.  .1..  aged  103.  widow, 
showing  vestiges  of  residual  lactation  acini  of  great  age.  liut  still  with  enough 
of  the  remaining  skeleton  of  the  original  lobule  to  explain  their  source.  The 
cells  were  so  atrophic  as  scarcely  to  be  recognizable,  and  their  remains  were 
eosinophilic.  E.\cept  for  these  few  vestiges  the  lobular  parenchyma  of  the  gland 
had  virtually  disappeared.     (From  the  Philadelphia  General  Hospital.) 

tures  not  ea.sy  to  describe.  Beyond  all  this,  there  is  the  absence  of  any 
evidence,  in  spite  of  the  study  of  many  ca.ses,  to  show  that  the  forma- 
tions ever  do  anything  or  develop  into  anything. 

It  is  impossible,  however,  to  neglect  the  pai)illary  ])rocesses  whose 
presence  has  excited  so  much  interest  and  has  led  to  the  cases  in  which 
they  occur  being  called  "papillary  cyst-adenoma."  They  certainly  are 
peculiar  and  striking  formations ;  but  they,  like  so  many  others  seen  in 
connection  with  involution,  have  certain  qualities  by  which  their  nature 
and  origin  are  betrayed.  As  a  rule  they  are  few  in  number,  simple  in 
structure,  do  not  interfere  with  one  another,  and  not  infrequently  stand 
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ojjposili'  one  aiiDther.  Tlicse  features  are  in  marked  contrast  to  other 
])apillary  excrescences — as.  for  example,  those  found  in  the  cysts  of  the 
kidney  and  thyroid,  where  the  number  is  usually  large,  the  structure 
complexly  branched,  and  tlu'  ditTcrent  formations  crowded  together  so 
as  to  interdigitale. 

The  decadent  quality  of  the  eosinophilic  protoplasm  of  the  epithelial 
cells  covering  the  processes,  the  adhesiveness  that  causes  adjacent  cells 
to  coalesce,  and  the  occasional  occurrence  of  considerable  masses  of 
still  separated  ghosts  of  cells  without  nuclei,  have  already  been  referred 
to  as  far  more  indicative  of  retrogression  than  of  vegetation.  But  the 
slightest  effort  of  the  imagination  is  sufficient  to  enable   the  broken 


Fig.  46. — Specimen  froni  a  married  woman,  im  liistdry.  In  this  lolnile  tlie 
epithelial  cells  have  all  disappeared,  though  tlie  interacinar  framework  partly 
remains — a   rare  circumstance. 


partitions  to  be  reconstructed  int(]  tiic  interacinar  reticular  framework, 
and  the  cystic  space  iiito  an  involuting  lobule.  There  seems,  therefore, 
to  be  good  reason  for  abandoning  the  idea  that  in  these  residual  lacta- 
tion acini  the  first  stages  of  tumor  formation  are  to  be  seen,  as  well  as 
the  consequent  fear  that  they  may  terminate  in  something  malignant. 

This  now  introduces  the  remaining  question  connected  with  the 
residual  lactation  acini,  namely,  the  relation  they  may  bear  to  cancer. 
The  thought  that  they  may  originate  cancer  is  widespread,  and  its 
orisjin   not    far  to   seek.     The  circumstance  most   feared  in  everv  dis- 
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turbance  of  the  breast  is  "inalignancy,"  and  as  its  occurrence  is  very 
mysterious,  and  cannot  be  exjjlained  at  present,  the  custom  has  been 
to  examine  every  breast  offered  for  study  for  such  structural  aUera- 
tions  and  irregularities  as  might  lead  to  it.  Naturally,  such  striking 
objects  as  the  residual  lactation  acini  could  not  be  overlooked,  and  there 
being  no  ready  explanation  of  their  meaning,  they  were  gladly  seized 
on  as  the  probable  starting  point  of  tumor  growth.  In  support  of  this 
view,  the  frequent  concurrence  of  cancer  with  residual  lactation  acini 
was  dwelt  on.  The  cancer  nests  were  shown  to  be  in  close  juxtaposi- 
tion to  the  formations  of  suspicious  nature  that  were  not  understood, 
and  it  seemed  as  though  tlic  one  might  have  developed  through  trans- 


Fig.  47. — Necropsy  specimen  from  normal  breast  of  J.  L..  agcil  7.^.  white, 
widow.  This  patient  was  a  hcmiplegic  with  a  leg  ulcer,  and  was  in  the  Phila- 
delphia General  Hospital  for  a  long  time.  She  was  so  frequently  transferred 
from  ward  to  ward  that  there  are  many  "charts,"  but  the  one  with  her  per- 
sonal history  could  not  be  found.  In  the  lobule  shown,  the  unusual  increase 
in  the  periductal  tissue  interfered  with  the  union  of  many  of  the  residual  lac- 
tation acini.     (From  the  Philadelphia  (General   Hospital.) 

formation  of  the  other.  Cancer  cells  frei|ucntly  apju-ar  in  the  acinar 
spaces  among  their  own  peculiar  epithelium,  and  many  ha\c  su]>])ose(j 
that  they  were  able  to  find  the  transition  steps  between  the  one  and  the 
other. 

The  almost  universally  accepted  theory  of  mammarv  cancer,  of  the 
present  day.  teaches  that  the  cancer  cells  arise  tlirough  metamorphosis 
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of  the  maniinar)  cells  themselves — that  they  are  hut  the  lawless 
descendants  of  those  cells.  This  may  he  true,  hut  it  is  at  present  only 
a  theory,  never  having;  heen  proved.  Xo  one  has  ever  seen  the  begin- 
ning of  cancer.  Rut  once  a  theory  meets  with  acceptance,  it  becomes  a 
fact  to  the  conijilacent  mind.  It  is  more  easy  to  accept  it  than  to 
combat  it.  and  if  it  seems  satisfactorily  to  e.xijlain  the  condition,  why 
upset  it  ? 

."^(1  hrmly  i>  the  theory  rooted  in  the  minds  of  pathologists  of  the 
present  day  that  it  is  by  no  means  unusual  for  a  microscopist,  examin- 
ing a  section  of  a  cancer  to  select  a  microscopic  field,  and  to  demonstrate 
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Fig.  48. — Necropsy  specimen  from  normal  Ijreast  of  M.  C,  aged  51,  white, 
married  twice,  had  three  children  and  two  miscarriages.  The  menopause  had 
occurred  five  years  previously  ;  her  husband  had  died  three  years  previously. 
As  in  Figure  47,  the  arran,gement  of  the  periductal  tissue  has  modified  the 
process  of  involution,  and  the  destruction  of  the  interacinar  septums  has  resulted 
in  the  formation  of  an  irregularly  elongated  space  the  margins  of  which,  degen- 
erated eosinophilic  cells,  and  collections  of  cellular  and  amorphous  debris  betray 
its  origin.     (From  the   Philadelphia  General  Hospital.) 


in  it  the  primary  rupture  of  the  basement  membrane  of  some  glandular 
unit,  from  which  the  cells  are  escaping  and  beginning  their  lawless 
invasion.  A  moment's  reflection  ought  to  make  him  realize  that  such 
a  demonstration  necessarily  implies  that  cancers  have  continuous  and 
successive  beginnings,  for  which  there  is  no  authority,  since  e.xamina- 
tions  by  serial  sections  have  repeatedly  shown  the  entire  cancer  mass, 
with  all  of  its  extensions  and  prolongations,  to  be  continuous. 
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In  infiltrating  cancer  of  the  mammary  gland  it  is  really  more  rea- 
sonable to  suppose  that  the  cancer  cells  lawlessly  and  invasively  pene- 
trating the  tissues  are  finding  their  way  into  the  acini,  than  that  the 
acinar  cells  are  escaping  to  form  the  cancer.  If  the  theory  of  "cyst- 
adenoma"  is  abandoned,  and  that  of  residual  lactation  acini  adopted, 
the  relation  of  the  lesions  to  cancer  can  he  examined  without  prejudice, 
and  to  advantage ;  for  under  these  circumstances  it  will  probably  occur 
to  the  student  that  as  most  women  become  pregnant,  and  later  nurse 
their  offspring,  the  breasts  of  most  women  when  examined  micro- 
scopically must  show  ])arcnch\-nia  in  some  stage  of  involution,  and  as 
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Fig.  49. — Necrop.sy  specimen  trcim  normal  l)reast  of  A.  G.,  aged  40,  colored, 
widow,  showing  residual  lactation  acini  surrounded  hy  rinds  of  combined  peri- 
ductal and  perilobular  tissue  similar  to  that  shown  in  Figure  21.  The  atrophy 
01  the  parenchyma  is  so  complete  that  the  origin  of  the  peculiar  spaces  might 
remain  inexplicable  without  the  study  of  the  series  of  cases  by  which  it  is 
preceded.  All  of  the  cells  are  in  an  advanced  state  of  degeneration.  There 
is  no  proliferation.  The  degeneration  of  the  cells  and  partitions  has  led  to 
the  formation  of  transformation  products  of  rounded  amorphous,  more  or  less 
hyaline,  appearance  in  the  spaces.     (From  the  Philadelphia  fleneral  Hospital.) 


residual  lactation  acini  are  of  frequent  occurrence  in  consequence  of 
lactation  hypertrophy,  at  least  one  fourth  of  the  breasts  may  contain 
them.  It,  therefore,  ceases  to  be  a  matter  of  concern  or  surprise  that 
a  breast  examined  for  malignant  disease  shall  contain  residual  lactation 
acini,  with  or  without  cancer.  The  frequency  with  which  each  occurs 
determines  that  they  must  frequently  coexist. 
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Hut  it  has  been  argued  that  the  relatiun  of  the  cancer  tn  the  residual 
lactation  acini  is  too  close  to  be  accidental :  it  must  be  incidental. 
There  are  many  more  cancer  cells  in  those  spaces  than  elsewhere,  and 
metamorphosis  of  the  lining  epithelium  into  cancer  cells  can  be  fol- 
lowed. The  same  thing  has  been  argued  with  respect  to  the  acini,  the 
alveoli  and  the  ducts  of  the  mamma  itself.  In  the  absence  of  the 
residual  lactation  acini,  the  origin  of  the  neoplasm  is  traced  to  the 
normal  structures:  in  their  presence,  to  the  supposedly  abnormal  ones. 
The  logical  outcome  of  this  reasoning  seems  to  be  that  the  residual 
lactation  acini  ;ire  no  more  likely  to  be  the  starting  jioint  of  the  malig- 


Fig.  50.  —  These  residual  lactation  acini,  discovered  in  a  breast  removed 
for  chronic  cystic  mastitis,  show  what  may  be  looked  upon  as  a  possibly 
later  and  final  stage  of  what  was  shown  in  Figure  49.  The  parenchyma 
having  reached  the  stage  of  complete  degeneration,  the  hyaline  products  have 
calcified,  with  the  formation  of  numerous  small  calcospherites  which  are 
enclosed  in  a  relatively  clean  walled  jiocket. 

nant  growth  than  the  rest  of  the  parenchyma,  when,  of  course,  they 
lose  their  signiiicance  and  importance.  They  mav,  however,  effect  a 
close  relationship  between  the  growth  of  the  cancer  and  the  parenchyma 
of  the  gland  in  that  they  provide  spaces  into  which  the  cancer  easily 
infiltrates.  Their  decadent  tissue  may  yield  more  readily  to  the  invasion 
than  the  more  normal  structures,  and  the  spaces  they  form  may  aliford 
easy  opportunity  for  the  accumulation  of  cancer  cells  which  mi.x  with 
the  preexisting  cells  before  extinguishing  and  replacing  them. 
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It  seems,  from  all  this,  that  the  conclusion  that  the  irregularities  of 
involution,  including  the  residual  lactation  acini,  have  nothing  to  do 
with  the  origin  of  cancer  is  justified.  The  suspicion  arose  through 
misunderstanding  and  misinterpretation  of  the  normal  process.  Very 
])ertinent  in  this  connection  is  the  closing  paragraph  of  Bloodgood's 
paper :  "When  good  jiathologists  disagree  as  to  malignancy,  the  patient 
lives ;  when  there  is  agreement,  there  is  always  a  large  percentage  of 
deaths."  It  is  not  difficult  to  account  for  this  state  of  affairs.  All  of 
the  good  pathologists  know  cancer  when  they  see  it,  hut  few  of  them 


Fig.  51. — This  breast  was  surgically  removed  and  in  it  a  very  small  scirrhous 
carcinoma  was  found.  The  patient  had  lactated  twice,  the  second  time  six- 
teen years  before  the  operation.  .MI  the  modifications  of  involution  were  found, 
including  the  area  of  full  lactation  hypertrophy  shown  in  the  illustration,  with 
no  other  change  than  eosinophilia  of  the  atrophic  epithelial  cells,  some  of 
which  had  coalesced.  The  stumps  of  interacinar  seplums  are  numerous  and 
striking. 


are  sufficiently  acquainted  with  the  conditions  obtaining  in  the  normal 
involution  of  the  breast  to  be  sure  that  such  of  its  peculiarities  as  they 
see  for  the  first  time  are  not  abnormal  and  indicative  of  a  malignant 
change.  Thus  they  fullv  agree  with  respect  to  the  former,  and  disagree 
about  the  latter. 
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THE     CYSTS     OF     THE     BREAST 

Cysts  are  like  tumors  in  that  after  they  attain  a  certain  size  it  is 
no  longer  possible  to  determine  from  exactly  what  structures  they 
arose.  In  the  present  connection  it  is  unnecessary  to  consider  any 
kinds  other  than  those  that  arise  through  disturbance  of  the  paren- 
chyma of  the  breast.  Such  are  extremely  common  and  there  seems 
to  be  very  little  objection  to  the  general  statement  that  they  arise  from 
very  small  beginnings. 


Fig.  52. — Tile  area  shown  in  the  illustration,  from  the  same  breast  as  that 
shown  in  Figure  51,  was  far  away  from  the  cancer,  and  shows  involution  of 
several  lobules,  the  atrophy  of  the  interacinar  partitions  and  slight  transforma- 
tion of  the  epithelial  cells — "blasse-epithelzellen"  giving  the  impression  of  dilated 
ducts  filled  with  cells.  The  explanation  of  the  cellular  structure  will  become 
evident  upon  e.xamination  of  the  following  illustrations  of  the  same  field  under 
a  higher  magnification. 

The  e.xamination  of  the  material  enibraceil  in  the  present  research 
suggests  that  there  are  only  two  sources  from  which  they  may  originate. 
the  ducts  and  the  residual  lactation  acini. 

•In  forty-nine  of  the  150  cases  studied,  the  sections  showed  more  or 
less  rounded  openings,  visible  to  the  naked  eye,  which  microscopic 
examination   proved   to  be  e])itlu'lial   lined  spaces,    for   the  most   part 
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recognizable  as  ducts,  but  some  of  whicli  were  the  residual  lactation 
acini.  In  most  cases  they  appeared  empty ;  but  some  were  tilled  with 
jelly.  In  all  cases  it  seemed  that  distention  was  present  or  had  been 
present.  These  were  microcysts.  and  as  such  the  larger  cysts  probably 
begin. 

Two  of  the  sections  were  from  \irgins  (women  that  liad  not  borne 
children),  all  the  others  were  from  parous  women.  In  only  two  ca.ses 
were  there  cysts  having  a  diameter  of  more  than  0.5  cm.  This  does  not 
signify  that  this  is  the  ])roportioii   of  the  larger  cysts  among  normal 


Fig.  5.!. — The  "hlassf-fliithrl/clli-n  imu  appear  as  traiislnrTm-il  aiiri  .itrnphic 
cells  of  the  acini  of  the  mammary  lohule.  the  framework  of  which  shows  well. 
The  deformed  and  flattened  decadent  nuclei  must  not  he  mistaken  for  mitotic 
figures.     The  cause  of  the  swelling  and  pallor  of  the  cells  is  not  known. 

breasts,  but  that  cases  containing  cyst>  were  avoided  i)y  those  collecting 
the  material,  as  it  was  especially  stipulated  that  only  normal  breasts 
were  desired,  and  naturally  breasts  containing  cysts  were  regarded  as 
abnormal.  The  only  usefulness  of  the  material  collected,  as  far  as 
the  study  of  cysts  is  concerned,  is  an  oi>portunity  to  discover  the  ])rob- 
able  sources  of  cyst  formation. 

Cyst  formation  is  referable  to  .secretion  or  exudation  associated  with 
retention  from  obstruction.     If  the  obstruction  is  complete,  the  amount 
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of  secretion  or  exudation  necessary  to  form  a  cyst  need  be  very  small ; 
if  incomplete,  it  must  be  larger  in  i)roportion  to  the  opportunity  for 
outtiow.  in  order  that  it  can  accumulate.  Cysts  resulting  from  complete 
obstruction  must  be  but  slightly  variable,  growing  larger  as  fluid  is 
added  to  their  contents,  smaller  if  it  is  absorbed,  or  remaining 
unchanged  if  neither  condition  occurs.  Cysts  following  incomplete 
obstruction  may  vary  considerably  according  to  the  additions  and  sub- 
tractions that  may  occur  in  their  contents. 

The  secretory  function  of  the  breast  is  not  confined  to  the  cells  of 
its  acini,  but  is  shared  by  those  of  its  ducts.  It  has  already  been  shown 
that  tlie  first  activitv  of  the  breast,  the  secretion  of  the  "witch's  milk" 


Fig.  54. — Mammary  gland  of  a  bitch  that  had  had  pups.  It  shows  typical 
resiikial  lactation  acini,  the  epithelial  cells  of  the  larger  having  the  typical 
eosinophilic  cells,  which,  of  course,  canmit  lie  shown   in  the  illustration. 

takes  place  from  the  ducts,  as  does  the  occasional  serous  secretion  of 
the  breasts  of  men,  and  of  virgins  at  the  menstrual  periods.  In  the 
breast  of  the  parous  woman,  in  the  intervals  between  pregnancy,  and 
perhaps  after  the  menopause,  some  secretion  may  also  occur  from  this 
source,  under  certain  conditions. 

The  cysts  that  follow  involution — those  of  chronic  cystic  mastitis — 
usually  contain  clear  serous  fluid,  and  most  of  the  distention  takes  place 
in  the  ducts.  It  may,  therefore,  be  concluded  that  they  arise  rather  from 
exudation  than  from  secretion,  and  that  the  acini  and  milk  secretion 
have  nothing  to  do  with  them.  But  the  in\olution  process  has  every- 
thing to  do  with  them,  for  it  le;ids  to  the  collection  of  varying  quanti- 
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ties  of  debris  of  various  kinds,  in  the  ducts,  occasioning  i)artial  obstruc- 
tion by  material  that  cannot  be  washed  out  by  the  fluid,  but  must  be 
retained  until  its  own  retrogressive  changes  transform  it  to  an  extent 
permitting  absorption.  In  the  meantime,  the  transformation  products 
may  be  the  source  of  exudation,  and  their  affinity  for  water  the  cause 
of  accumulation. 

Visible  evidence  of  this  can  be  found  in  almost  every  breast  after 
lactation.  Many  of  the  ducts  contain  cylindric  gelatinous  formations 
like  the  tube-casts  common  in  the  kidney  in  certain  diseases.  In  others 
there  are  cylinders  containing  an  admixture  of  what  appear  to  be 
colostrum  corpuscles  ;  in  still  others  collections  of  fatty  granules.  Occa- 
sional ductlike  spaces  are  found  to  be  filled  solidly  with  peculiar- 
appearing  pale  cells,  the  "Blasse-epithelzellen"  of  Borst  and  Wohlsecker. 
These  have  excited  considerable  interest  from  time  to  time,  and  various 
speculations  have  been  indulged  in,  in  an  attempt  to  account  for  them. 
Nearly  all  pathologists  seem  to  conclude  with  the  assumjition  that  they 
are  evidences  of  proliferative  activity  on  the  part  of  the  epithelial  cells. 
and  are  indicative  of  impending  malignant  change. 

This  seems  to  be  a  misinterpretation.  Such  appearances  when 
present  in  the  normal  sections  seemed  not  to  arise  through  the  prolifera- 
tion of  cells  within  ducts,  but  through  the  decadence  of  cells  of  acini  in 
process  of  involution.  In  those  cases  in  which  involution  proceeds 
without  any  increase  in  the  periductal  tissue,  and  the  partitions  betw^een 
the  neighboring  acini  fail  to  recover  from  the  attenuation  depending 
on  the  extension  to  which  they  are  subjected  during  the  full  lactation 
hypertrophy,  the  ei)ithelial  cells,  not  being  crowded  and  condensed  by 
the  retraction  of  the  interacinar  partitions,  nor  through  the  prolifera- 
tion of  the  periductal  tissue,  seem  sometimes  to  enlarge  and  become 
pale.  The  substance  of  an  entire  lobule  becomes  a  pale  mass  sur- 
rounded by  the  interlobular  tissue  against  which  it  seems  to  abut  with 
a  definite  outline.  The  impression  is  easily  mistaken  for  a  duct  filled 
with  epithelial  cells.  In  reality  it  is  a  lobule  surrounded  by  perilobular 
tissue.  -A  close  examination  with  a  high  power  lens  will  frequently 
show  the  structure  to  be  composed  of  groups  of  cells  corresponding 
to  acini,  the  central  lumen  of  which  is  no  longer  visible  because  of  the 
enlargement  and  altered  character  of  the  cells. 

The  seminecrotic  remnants  of  the  centrally  situated  cells  of  the 
residual  lactation  acini,  together  with  the  remnants  of  the  intermediate 
partitions,  frequently  form  considerable  accumulations  in  their  spaces, 
and  may  be  followed  by  cystic  distention  just  as  in  the  ducts. 

.An  examination  of  many  breasts  shows  these  appearances  following 
involution:  (1)  occasional  pin-head  sized  cysts;  (2)  numerous  pin- 
head  sized  cysts  .scattered  throughout  the  breast:  (3)  pin-head  sized 
cvsts  collected  in  groups  in  some  part  of  the  breast;  (4)  pea  or  marble 
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sized  cysts  oicurrint;  according;  to  one  of  the  above  described  plans  of 
distribution;  (3)  cysts  similar  to  those  described  above  in  size  and 
distribution,  but  filled  wth  darker  fluid,  some  reddish,  some  chocolate  ; 
(6)  single  or  divided  cysts  as  large  as  hen's  eggs,  usually  filled  with 
clear  serous  fluid. 

It  seems  to  be  the  cysts  that  are  the  chief  factors  in  calling  the 
attention  of  the  ])atient  to  the  fact  that  there  is  something  unusual 
about  the  breast.  And  it  is  easy  to  understand  that  this  is  probably  the 
result  of  the  pressure  exerted  by  the  cyst  in  its  growth.  The  degree 
of  sensory  disturbance  may  well  be  in  proportion  to  the  composition  of 
the  stroma  of  the  organ.  If  it  is  largely  fatty,  or  if  there  are  large 
quantities  of  the  mucinoid  tissue,  the  pressure  may  scarcely  be  felt ; 
but  if  it  is  more  fibrillar,  and,  therefore,  less  distensible,  the  enlarging 
cyst  may  call  attention  to  itself  through  sensitiveness  or  pain. 

'1  he  induration  of  the  tissue  adjacent  to  the  cysts  can  easily  be 
accounted  for  by  the  compression  and  condensation  of  the  surrounding 
stroma.  The  occurrence  of  the  cysts  in  certain  quadrants  of  the  breast 
can  be  explained  on  the  assumption  that  those  portions  did  not  drain 
so  well  as  others,  so  that  contents  were  retained  with  the  unfavorable 
consequences,  retardation  of  involution  and  the  formation  of  residual 
lactation  acini,  etc. 

i  he  cysts  are  of  no  significance  in  the  occurrence  of  malignant 
change.  It  is  true  that  occasional  cysts  are  found,  in  the  wall  of  which 
a  cancer  is  situated ;  but  this  is  to  be  looked  on  as  an  accident  of 
association.  The  cyst  and  the  cancer  were  both  there,  growing  side 
by  side,  and  as  each  enlarged,  the  cancer  came  eventually  to  trespass 
on  the  wall  of  the  cyst.  The  relation  is  the  same  as  that  of  cancer  to 
residual  lactation  acini. 

CONCLUSIONS 

1.  The  breasts  of  young  virgins  are  composed  of  a  stroma  of  pure 
fibrillar  tissue  which  shows  an  increasing  mucinoid  transformation  with 
increase  of  years.  Into  the  stroma,  adipose  tissue  begins  to  find  its 
way  toward  middle  life,  increasing  until  in  old  age  the  stroma  is  largely 
fatty.  The  paretichyma  of  the  virgin  breast  always  contains  many 
canellated  ducts.  It  may  be  without  lobules,  may  contain  only  rudi- 
mentary lobules,  or  may  contain  well  developed  lobules  in  rare  cases. 

2.  The  mammary  lobule  develops  in  response  to  stimuli  that  may  be 
either  local  or  general.  Pregnancy  is  its  chief  source,  and  it  seems  to 
be  only  under  its  influence  that  full  lactation  hypertrophy  is  reached. 
The  lobules  arise  through  budding  from  the  ducts  as  detenriined  by  the 
stimuli.  .At  any  stage  of  development,  the  disappearance  of  the  stimu- 
lus is  followed  by  retrogression  or  involution  of  the  lobule,  whether 
throu"hout  the  breast  or  locally. 
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3.  The  lobules  constituting  the  jjarenchyma  of  the  breast  in  dif- 
ferent pregnancies  are  not  necessarily  the  same.  There  is  some  reason 
to  suppose  that  for  each  pregnancy  there  is  a  different  crop  of  lobules. 

4.  Involution,  the  atrophy  of  the  no  longer  needed  lobules  is  a 
complicated  process  whose  details  vary  in  different  individuals,  in  the 
dilTerent  breasts  of  the  same  individual,  and  in  different  parts  of  the 
same  breast,  according  to  local  and  general  conditions. 

5.  One  of  the  most  important  sources  of  the  modification  of  in\(ilu- 
tion  is  retention  of  secretion.  Its  etfect  is  in  proportion  to  its  extent 
and  distribution,  and  is  without  regularity. 

6.  Its  most  striking  result  is  the  api)earance  of  residual  lactation 
acini. 

7.  Residual  lactation  acini  are  harmless  decadent  structures  having 
no  significance  in  respect  to  the  subsequent  appearance  of  malignant 
disease. 

iS.  The  accumulated  cellular  and  amorphous  debris  resulting  from 
involution  sometimes  obstructs  the  outlets  of  the  ducts  and  acini,  leading 
to  retention  of  secretion  and  exudation  of  fluid  with  cyst  formation. 
The  cysts  may  result  from  dilatation  of  cither  the  ducts  or  the  residual 
lactation  acini. 

9.  The  cysts  may  be  of  a  size  varying  from  that  of  a  pin-head  to  a 
hen's  egg  and  may  be  single  or  multiple,  uniformly  disseminated,  or 
collected  in  groups.  They  usually  have  smooth  walls  and  clear  serous 
contents. 

10.  The  pressure  exerted  on  the  surrounding  tissue  by  the  growing 
cyst  gives  rise  to  sensory  disturbances  that  vary  in  intensity  according 
to  the  firmness  or  softness  of  the  stroma.  In  a  breast  with  stroma 
largely  mucinoid  or  adipose,  they  may  occasion  no  symptoms. 

11.  The  cysts  are  benign  and  harmless.  If  they  become  large  their 
excision  may  be  indicated  to  make  the  patient  more  comfortable. 

12.  Cancer  cysts  are  not  specific  entities.  They  are  the  result  of 
the  accidental  coexistence  of  cysts  and  cancer  in  the  same  breast. 
Original  contiguity  followed  by  increase  in  the  size  of  each  determines 
final  continuity. 

13.  The  so-called  chronic  cystic  mastitis  is  not  inflammatory,  and  is 
not  a  pathologic  entity ;  it  is  nothing  but  a  result — or  at  most — a  per- 
version of  involution. 

14.  It  would,  therefore,  be  desirable  to  abandon  the  term,  and  call 
the  condition  "cystic  disturbance  of  the  breast,"  or  if  it  seems  better 
to  retain  one  of  the  older  designations,  that  of  Warren — "abnormal 
involution" — is  probably  least  objectionable.  The  only  difficulty  lies 
in  clearly  defining  when  the  process  of  involution  can  be  said  to  become 
abnormal,  when  it  is  so  diversified. 
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15.  riie  term  "adfiionia"  should  be  used  onl)'  when  s]jeakiiig  of 
the  encapsulated  tuinor>  of  the  breast.  Parenchymatous  increases  of 
unencapsulated  or  diffused  form  are  hypertrophies  and  not  related  to 
tumors. 

16.  There  is  no  "cyst  adenoma"  (if  ."^cliimmelbusch.  The  term  is 
objectionable  because  it  makes  it  appear  as  though  a  tumor  existed 
where  no  tumor  is.  The  appearance  on  which  the  name  depends  is 
that  result  of  involution  to  which  the  name  residual  lactation  acini  has 
here  been  given,  and  which  can  easily  be  found  in  one  fourth  of  all 
breasts  that  ha\e  lactated. 


THE     PROPER     TREATMENT     OF     CHROXIC     MALIGX 

DISEASES     OF    THE    SUPERFICIAL 

LYMPH     GLANDS 

JOHN     L.     YATES,     Ph.B.,     M.D. 

MII.WAIKKK 

The  term  "malign"'  is  here  used  to  define  any  granulomatous  or 
neoplastic  disease  against  which  an  individual  is  unable  to  muster  suffi- 
cient spontaneous  resistance  to  induce  recovery.  Consequently, 
unchecked  malign  processes  lead  to  increasing  disability  and  to 
death,  and  adequate  checking  of  the  disease  process  is  a  prerequisite  in 
effective  treatment.  The  degree  of  malignancy,  which  determines 
therapeutic  measures,  varies  with  the  disease,  with  the  individual,  and 
with  the  stage  of  the  process,  and  is,  consequently,  to  be  measured  in 
each  instance  by  the  preponderance  of  virulence  over  individual  resis- 
tance at  the  time  of  observation  rather  than  by  pathologic  nomenclature. 

Chronic  malign  diseases  of  lymph  glands  are  of  three  varieties : 
(1)  granulomas,  for  example,  tuberculosis;  (2)  neoplasms,  especially 
carcinomas,  and  (3)  a  group  of  maladies  intermediate  between  granu- 
lomas and  neoplasms,  which  includes  I  fodgkin's  disease,  lymphocytic 
leukemia,  lymphosarcoma,  chloroma.  and  the  so-called  primary  endo- 
thelioma and  spindle  cell  sarcoma  of  lymph  glands.  All  are  due  to 
prolonged  irritation  which  is  usually  traceable  to  lesions  of  the  skin 
or  the  mucous  membrane  or  their  appendages. 

The  primary  surface  lesion  in  tuberculosis  may  l)e  a  well  marked 
ulcer,  an  evanescent  dermatitis  or  catarrhal  inflammation ;  or  a  portal 
of  entry  may  be  so  slight  in  extent  and  heal  so  promptly  and  jjerfectly 
that  it  is  never  discovered.  Cancer  may  originate  apparently  as  an 
idiopathic  tumor  that  may  or  may  not  ulcerate,  or  it  may  develop  in 
epithelium  long  affected  by  benign  ulcerations,  inflammatory  hyper- 
plasia or  involution  metamorpho.ses.  The  nature  of  the  epitiielial 
lesions  which  constitute  the  portals  of  entry  in  diseases  of  the  Ilodgkin 
type  is  not  known.  Some  irritation  of  epithelial  surfaces  has  long  been 
recognized  as  a  precursor  of  the  malady,  though  no  definite  or  char- 
acteristic reactions  have  been  de.scribed. 

The  provocative  irritants  are  products  of  bacteria  or  of  morljid  cells 
or  of  both  morbid  cells  and  bacteria  and  exhibit  predilection  for  hema- 
tof)oietic  tissues.  The  lymph  glands  particularly  are  at  first  the  more 
obviously  involved ;  but  the  bone  marrow  is  al.so  affected,  and  ultimately 
those  general  reactions  called  cachexia  are  produced.  The  modes  of 
offense  of  these  diseases  are  similar;  tiie  resultant  defensive  responses 
are  categorically  identical,  and  the  fatal  issues  are  ])roduced  in  the  same 
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manner.  The  term  "nialignant  disease"  is,  tliercfore,  better  used  to 
define  a  deficient  biologic  reaction  against  certain  irritants  than  as  a 
synonym  for  cancer.  For  example,  tuberculous  adenitis  may  be  more 
malignant  in  one  individual  than  carcinomatous  adenitis  is  in  another, 
or  cancer  may  exceed  Hodgkin's  disease  in  malignancy.  In  other  words, 
there  is  a  group  of  diseases,  etiologically  and  histopathologically  distinct, 
yet  pathogenetically  similar,  that  possess  unequally  the  same  malign 
potentiality  and  are  controllable  so  long  as  the  powers  of  defense  are 
preponderant. 

Histologic  peculiarities  that  identify  the  type  of  any  of  these  diseases 
will  be  disregarded  as  less  significant  for  present  purposes,  and  con- 
sideration will  be  given  to  general  characteristics  of  greater  practical 
importance. 

Malign  diseases  exhibit  two  chief  methods  of  attack.  The  more 
rapid  or  acute  form  possesses  the  vice  of  becoming  more  promptly 
uncontrollable  and  the  virtues  of  manifesting  itself  early  and  of 
provoking  more  active  defensive  responses.  The  more  insidious, 
chronic  form,  often  originating  in  less  obvious  initial  lesions,  is  prone 
to  have  achieved  a  lethal  dissemination  before  it  is  recognized,  because 
defensive  capacity  has  been  gradually  destroyed  without  having  been 
stimulated  to  the  compensatory  overactivity  essential  to  recovery.  There 
are  infinite  gradations  between  the  extremely  acute  and  chronic  forms ; 
but  the  striking  examples  which  emphasize  the  controlling  power  of 
defense  are  the  transitions  between  the  two,  especially  the  explosive 
and  rapidly  fatal  disseminations  so  often  seen  late  in  the  chronic 
varieties. 

Extension  from  a  primary  lesion  or  from  secondary  foci  so  often 
skips  contiguous  gland  groups  to  involve  those  that  are  more  remote 
that  any  group  of  enlarged  glands  may  neither  indicate  the  location  of 
the  initial  lesion  nor  mark  the  frontier  of  disease.  Glandular  enlarge- 
ment— lymphoma — although  it  is  the  commonest  characteristic  of 
malign  diseases,  is  undependable  for  diagnosis  because  malign  and 
benign  lymphomas  may  co-exist.  Nor  is  the  evidence  obtained 
from  histologic  examinations  of  lymph  glands  entirely  reliable.  A  dis- 
ease may  be  regressive  to  the  extent  of  approaching  latency  and  this 
fact  may  escape  detection  pathologically,  or  it  may  be  present  in  a  gland 
under  conditions  that  assure  progression  and  be  histologically 
unrecognizable. 

The  most  dependable  evidence  of  relative  malignancy  is  the  type 
and  extent  of  the  periadenitis  which  frequently  also  measures  defensive 
responses.  It  matters  not  whether  the  earliest  lymph  gland  involvement 
is  a  carcinomatous  metastasis  or  whether  the  latest  involvement  is  a 
neoplastic  metamorphosis  of  a  primary  granuloma,  the  intraglandular 
response  is  a  form  of  subacute  or  chronic  adenitis.     The  same  irritation 
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that  primarily  induces  adenitis  continues  and  extends  to  cause  periaden- 
itis. Periadenitis  is  primarily  a  nonspecific  inflammatory  process  subject 
to  exacerbations  during  the  recurrent  jjcriods  of  more  active  progress 
of  the  disease.  In  addition  to  causing  thickening  of  gland  capsules,  it 
is  destined  ultimately  to   form  cicatrizing  adhesions  between  adjacent 
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Fig.  1. — Skin  removed  to  show  location  of  glands  that  determine  the  boun- 
daries of  tissue  that  must  be  excised  if  the  operation  is  complete. 

glands  and  surrounding  structures.  If  the  malady  is  extremely  malig- 
nant, the  intraglandular  morbid  tissue  may  grow  through  the  capsule 
and  intensify  the  periadenitis  by  invading  the  extraglandular  adherent 
structures  or  this  specific  outgrowth  may  proceed  in  the  absence  of 
periadenitis,  if  defensive  powers  have  been  dissipated  or  if  iliev   have 
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Iici'ii  (k'ricic'iu  trdiii  ilk-  (in^et.  Ilie  nature  and  extent  of  periadenitis 
arc  indicati\c  of  (ll^|)rll|)(lrli()ns  l)et\veen  existing  powers  of  ofi'ense  and 
of  defense  and  do  not.  excn  when  signally  invasive,  identify  a  malignant 
neoplasm,  since  this  occurs  in  tuberculous  adenitis.  Absence  of  peri- 
adenitis is  noteworthy  if  there  is  extreme  chronicity,  as  it  then  marks 
an  irritation  that  has  been  too  insidious  to  cause  resiionse. 
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Fig.  2. — Skin  and  muscles  reino\ 
hi  spared  in  dissection. 
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Difterential  diagnosis  between  maligi:  diseases  is  usually  simple 
and  is  of  less  moment  than  a  recognition  of  existing  or  of  potential 
malignancy.  An  estimation  of  malignancy  resolves  itself  into  a  study 
of  local  and  general  responses.  Rapidity  of  dissemination,  the  nature 
of  the  involvement  and  the  impairment  of  function  in  the  region  or 
regions  involved  are  more  significant  than  the  size  of  lymphomatous 
masses.     These  conditions  likewise  determine  the  prol)able  success  of 
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excisions  because  they  indicate  the  stniclnics  thai  must  lie  sacrificed. 
The  more  perfect  the  postoperative  return  of  function,  the  greater  is 
the  prospect  of  permanent  regional  frciMlimi  from  disease.  Local 
resistance  is  determined  by  the  integrity  and  richness  of  blood  and 
lymph  circulations,  which  in  turn  are  largely  controlled  by  activity. 
An  estimation  of  general  resistance  can  be  fairly  accurately  based  upon 
the    status   of   the   circulalicm    and    uimhi    the   blood    picture.      ( icncral 
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appearance  may  be  misleading,  so  it  is  unsafe  to  rely  u|)on  >nap  judg- 
ments. Persistent  abnormalities  in  blood  pressure  responses  to  exertion 
are  significant.  A  lymphopenia  or  anemia  that  is  irresponsive  to  proper 
stimulation  is  evidence  of  a  permanent  loss  of  powers  of  regeneration 
in  the  mother  cells  and  is  indicative  of  hopelessness.  A  considerable 
reduction  in  the  number  of  platelets,  especially  when  tho.se  present  are 
abnormally  large,  positively  contraindicates  operation. 

Even  the  meager  suggestion  of  the  evolution  of  malign   di.seases 
that  has  been  given  suffices  to  determine  methods  of  treatment;  but. 
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since  it  is  more  essential  tci  recognize  what  cannot  be  accomplished  and 
what  should  not  be  attenii)tcd.  the  negative  thera])cutic  aspect  will  be 
jjresented  first. 

If  "cure"  defines  an  elimination  of  disease  so  complete  as  to  preclude 
the  possibility  of  a  recurrence,  then  malign  diseases  are  generally 
incurable.  Were  methods  available  whereby  latent  rests  of  all  diseases 
could  be  detected  at  necropsy,  with  a  degree  of  accuracy  coinparable 
to  the  discovery  of  latent  tuberculosis,  it  would  be  possible  to  obtain 
accurate  data  to  establish  this  contention.     Nevertheless,  the  numerous 
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examples  of  recurrences,  recrudescences,  reinfections,  or  whatever  they 
may  be  called,  that  occur  after  years  of  apparent  recovery  from  any  of 
the  maladies  in  this  category  give  necessary  supporting  evidence,  which 
is  amplified  by  the  better  results  obtained  as  treatment  is  improved. 
It  is  a  fair  presumption  that  virtually  all  that  survive  middle  age  have 
been  subjected  to  conditions  favorable  to  the  starting  of  malign  affec- 
tions. The  deficient  individual  resistance  required  for  the  diseases 
to  become  established  is  rarelv  transient.     (Greater  safetv  is  assured  to 


YATES—SVrERhlCIAL     I.YMPH     GI.AXDS  71 

the  patients  if  this  biologic  defect  is  held  to  be  persistent,  which,  there- 
fore, can  never  be  eliminated  by  any  means  and  can  only  be  minimized 
by  equally  j>ersistent  effort. 

Therapeutic  failures  constitute  the  mo^i  profitable  source  of  informa- 
tion if  used  to  prevent  subsequent  mistakes.  Death  results  from  lym- 
phatic involvement  and  the  consequent  local  and  general  injuries. 
The  commonest  cause  of  failure  after  operative  treatment,  especially 
in  affections  of  the  cervical  glands,  is  local  or  regional   recurrences, 


Dtfmo-cltido 


mastoid  m  rrpresEnfed 
OS  divided  ror  me  soL 
ot  clearness 


Fig.  5. — Dissection  completed,  except  at  tlie  jiigulosubclavian  angle,  to  show 
method  of  dislocating  the  upper  mediastinal  tissues. 

which  are  due  to  incomplete  removal  of  the  initial  lesion  and  to  inade- 
quate regional  excisions.  On  the  other  hand,  successes  attained  through 
illogical  methods  constitute  the  most  improfitable  source  of  information 
as  well  as  the  most  common  source  of  misinformation.  Statistics 
advanced  to  show  the  results  obtained  by  various  therapeutic  methods 
are  peculiarly  unreliable  because  they  cannot  show  the  most  important 
phase  of  the  problem,  namely,  the  degree  of  malignancy  at  the  time 
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of  treatment.  Indeed,  the  question  occasionally  arises  as  to  whether 
the  malignancy  alleged  to  have  been  present  was  real,  potential,  or 
purely  hypothetic.  Neither  do  these  impressive  percentages  show  the 
causes  of  failure.  For  instance,  a  given  series  of  patients  treated  for 
cancer  originating  in  the  mucous  membrane  of  the  mouth  may  be  cited 
to  show  that  a  certain  proportion  have  remained  well  for  certain  periods, 
another  portion  are  dead  of  the  disease,  and  the  death  rate  attributable 
to  operation  was  a  certain  |)ercentage.    The  failures  due  to  local  recur- 


Fig.  6. — Muscles  sutured  to  protect  nerves  and  to  provide  surface  upon  which 
skin  flaps  are  to  rest;  soft  rubber  drainage  tubes  to  be  removed  the  second  day. 


rence,  or  better,  local  persistence,  because  of  incomplete  removal,  do 
not  all  appear.  However,  two  more  important  points  are  apparently 
established.  Wider  excisions  usually  attempted  only  when  the  involve- 
ment was  greater  and  the  degree  of  malignancy  had  increased  have 
produced  some  lasting  recoveries.  The  mortality  due  to  more  complete 
glandular  extirpation  is  small,  even  when  the  extirpation  was  performed  • 
late  in  the  disease,  if  it  is  not  confounded  with  the  death  rate  produced 
by  the  excision  of  primary  lesions  like  those  in  the  tongue. 
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True  it  is  that  recoveries  occur  after  destruction  of  the  primary 
lesion  without  gland  excision,  and  the  latter  operations  are,  therefore, 
not  always  necessary.  The  number  is  smaller  than  is  accepted  and  these 
fortunate  individuals  may  l)e  selected  only  by  the  aid  of  a  time  factor 
which  also  determines  a  larger  group  of  unfortunates  condemned  by 
omission  and  procrastination.  In  view  of  the  very  low  mortality  rate 
following  excisions  of  regional  lymph  glands,  a  larger  proportion  of 
lasting  recoveries  would  be  obtained  were  all  patients  subjected,  as  a 


Fig.  7. — Closure  completed ;  skin  suture  usually  inserted  at  point  where 
drainage  tubes  emerge  but  are  not  tied  until  the  second  day ;  small  diagram 
shows  method  of  inserting  buried  and  superficial  skin  sutures. 

rule,  to  even  incomplete  extirpations,  regardless  of  the  size  and  duration 
of  the  initial  lesion  and  a  failure  to  demonstrate  lymph  gland  involve- 
ment. Proceed  one  .step  farther  and  the  same  coinparison  may  be 
made  between  complete  and  incomplete  glandular  excisions,  as  has  just 
been  made  between  incomplete  excisions  and  no  excision.  Moreover,  it 
is  equally  true  that  recoveries  are  more  frequent  after  excisions  when 
there  has  been  slight  glandular  involvement,  also  that  incomplete  opera- 
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lions  are  more  likely  to  be  followed  by  local  recurrences,  which,  in 
turn,  are  of  increased  malignancy  and  prone  to  produce  a  rapidly 
fatal  prog;ress  of  the  disease.  Complete  operations  can  be  performed 
witli    ni(irt.ilit\    and    nmrhiditv    rates    barelv    exceeding    those    due    to 


UppErmost  Qvillarv  gland 
lying  beneatfi  falcilorm 


.Lrland  lying  upon  iqsciq  or  pectoralis  major  n 
Lrmnds  extrndiag  trom  liollow  or 


scapula  upward  to  cerviCQl  group 
bcncaik    trapezius   m. 

blands  lyingmtot  surrounding  great 


Fig".  8. — Diagram   showing  Incatiun  nf  gland?  that  determine  tire  boundaries 


incomplete  excisions  and  for  which  more  than  adequate  compensation 
is  found  in  the  greater  likelihood  of  recovery  they  assure.  There  is 
but  one  truly  conservative  attitude  that  can  be  taken.  If  operation 
is  indicated  at  all,  then  the  more  favorable  the  conditions,  the  more 
radical  should  be  the  extirjiation.     If  experience  teaches  anything,  it 
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has  taught  this  lesson.  Failure  to  benefit  from  this  expensive  instruc- 
tion is  due  to  the  fact  that  (partial  successes  masquerade  so  long  as 
complete  successes  and  so  often  the  realization  of  responsibility  for 
catastrophe  is  blunted  by  its  tardiness  in  appearing.  Could  deaths 
and  the  ncedles>ly  inciinij)lcte.  or  delayed,  fmictional  recoveries  due  to 


Fig.  9. — Diafirani  .showing  nerves  and  vessels  to  be  saved  in  making 
dissection. 

improper  operative  methods  occur  as  ])n)ini)tly  as  they  do  following 
ill-advised  treatment  of  appendicitis,  both  lay  and  professional  opinion 
would  demand  more  effective  treatment. 

Radiation  is  at  present  the  means  besides  excision  usually  relied 
upon  to  destroy  initial  lesions  and  to  control  malign  lymphomas. 
Radium  and  roentgen  ray  can  destroy  primary  foci  of  disease ;  but  too 
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frequentlv  thev  fail  to  L-onlrol  them,  and  even  may  stimulate  the 
growth  of  the  least  formidahle  thereof,  the  l)asal  cell  epithelioma. 
Similarly,  extir])ations  have  heen  imreliable  and  dangerous  in  removing 
advanced  cancer  of  the  tongue,  tonsil  and  antrum. 


Uomposite  inciSion 


Fig.  10. — Skin  incisions. 

The  exposures  required  to  control  such  lesions  by  radiation  alone 
are  prohibitively  dangerous,  both  locally  and  to  the  blood-forming  cells. 
Too  little  use  is  made  of  the  actual  cautery.  Foci  that  cannot  be 
excised  may  be  destroyed  by  heat  or  by  cauterization  followed  by 
radiation. 
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Proof  that  surface  radiation  can  destroy  intraglaiidular  malign 
diseases  has  yet  to  be  produced.  Lymphomas  usually  diminish  in  size 
after  proper  exposures,  even  to  the  extent  of  becoming  impalpable. 
The  process  may  apparently  be  overcome  occasionally  for  considerable 
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Fig.    11. — Sternal    portion    of   pectoralis   major    muscle,   divirled    at    insertion 
and  reflected  to  obtain   exposure   for  deep  dissection. 

periods,  but  eveniuallx  an  uncuntrollahlc  recrudescence  develops. 
Malign  processes  arc  modified  but  not  destroyed.  Moreover, 
radiation  produces  local  and  general  irritation  which,  like  that  of  the 
malign  diseases  it  is  used  to  combat,  has  a  selective  action  upon 
hematopoietic    tissues    and    ultimately    is    siinilarly    destructive    in    its 
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effects.  Fatal  lyni])lioiX'nia  and  anemia  may  he  produced  experi- 
mentally with  external  radiation  and  may  have  followed  and  have  been 
precipitated  by  its  therapeutic  application.  Facts  and  methods  now 
available    indicate   that   whenever    extiry)ation   oft'ers   at   least   as 
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Fig.  12. — Method  of  repair  uheii  pecturalis  major  nm.scle  lias  been  saved. 


prospects  as  radiation  it  is  more  reliable  and  in  the  lou!;;  run  is  safer. 
Radiation  used  in  palliation  can  accomplish  much  when  ojieration 
would  be  worse  than  useless.     The  proper  combinations  of  operation 
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and  radiation  are  yet  to  be  established  satisfactorily.  One  basic  fact  is 
known:  Irreparable  injury  will  follow  if  local  and  general  functions 
are  not  safeguarded. 

Efifective  extirpations  of  malign  lynipjionias  frimi  neck,  a.xilla, 
and  groin  must  remove,  in  addition  to  structures  involved,  all  of  the 
gland-bearing  and  disease-bearing  tissues  and  those  in  which   lie  the 


Fig.  13. — Skin  closure  and  drainage  of  composite  incision. 

lymphatic  connections  with  adjacent  regions.  Moreover,  prompt  heal- 
ing and  functional  rehabilitation  must  be  assured.  Surgery  cannot  be 
regarded  as  flic  treatment  of  malign  diseases  but  as  a  basic  phase 
of  treatment  upon  which  recovery  depends.  The  success  of  the  sur- 
gical part  of  treatment  is  to  be  measured  by  the  limits  of  its  possibili- 
ties: To  remove  eradicable  disp.-i^c  in  -luh  ,-i  m.-innf-r  tbnt  the  regions 
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wliercin  operations  have  been  performed  are  rendered  permanently 
disease-free,  to  prevent  extension  of  the  disease  from  the  area  operated 
on  and  particularly  extension  into  a  body  cavity,  to  induce  compensatory 
hyperplasia  and  consequent  hyperresistance  in  other  lymphadenoid 
structures,  and  to  place  patients  in  a  position  that  permits  them  to 
be£;in  to  exert  advantageously  all  of  their  powers  for  recovery. 


DisiriDuiion  of  deep  > 
superricial  glands 
vvnicn  must  be 


14. — Location  of  ylands  that  determine  limits  of  incision. 


The  operative  methods  to  be  described  have  been  evolved  from 
fifteen  years'  experience  in  treating  the  most  malignant  of  lymphomas, 
those  due  to  the  Hodgkin's  group  of  diseases.  They  have  been  applied 
also  in  combating  carcinomatous  and  tuberculous  adenitis  wherein  the 
problems  and  solutions  are  quite  identical.  Locations  of  dangerous 
glands  have  been  deterniined  at  operation  and  at  necropsy.     Unusually 
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extensive  excisions  are  advocated  because  less  radical  operations  have 
been  followed  by  recurrences,  and  the  reasons  for  the  recurrences 
were  found  to  have  been  affected  glands  that  could  have  been  excised 
at  the  first  operation  without  iiaving  added  materially  to  the  patient's 
burdens.  Studies  of  tissues  removed  from  ])atients  suffering  from 
cancer  or  tuberculosis  have  demonstrated  that  although  the  lymph 
gland  involvement  in  these  diseases  is  usually  less  general  thrin  it  is 


-Uissection  or 
deep   glanas 
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Fig.  15. — Dissection  of  superlicial  glands  incomplete,  of  deep  glaiuls  complete; 
internal  saphenous  vein  and  external  ciitancons  nerve  spared. 

in  the  diffuse  types  of  Hodgkin's  disease  or  lymphocytic  leukemia, 
nevertheless,  virtually  any  of  the  glands  and  rarely  all  of  the  glands 
so  affected  may  be  invaded  by  tuberculosis  and  cancer. 

Regional  lymph  glands  and  vessels  regenerate  after  extirpation,  if 
the  healing  is  smooth,  in  less  than  three  months  and  apparently  func- 
tion normally.  This  has  been  proved  by  characteristic  responses  to 
fortuitous  acute  infections.  Regenerated  glands  are  hyperresistant  to 
the  original  disease  since  they  may  remain  free  when  the  involvement 
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lias  otherwise  Ijeconu-  general.  Moreover,  there  is  evidence  that  they 
contribute  materially  to  general  resistance.  Successful  regional  resec- 
tions induce  lasting  regressions  of  lymphomas  in  other  regions  and 
occasion  at  the  same  time  notable  improvement  in  general  condition. 
Complete  regional  resections  may  be  performed  not  only  without 
detriment  but  with  great  benefit  to  local  and  general  resistance.  .\n 
old  superstition  to  the  contrary  is  still  invoked  to  justify  half-way 
measures. 


Qponpurosis    at 
entcrnal   oblique 


nciSion  tor 
removal  or 
siipprticiol   I, 
retroperitoneal 
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Fig.  16. — Skin  incisions  for  removal  of  superficial  inguinal  ijlanils  and  lower 
retroperitoneal  glands. 


The  mortality  rate  following  complete  regional  extirpations  depends 
upon  the  patient's  condition.  Deaths  in  my  experience  have  been 
due  to  periadenitis  and  have  occurred  only  in  cervical  operations  and 
when  landmarks  were  obscured  and  respiration  embarrassed.  Fatali- 
ties have  been  confined  to  patients  to  whom  uncertain  palliation  alone 
could  be  ofifered  and  who  accepted  risks  of  operation  to  obtain  the 
chance  for  relief  from  pain  and  for  an  extension  of  life  that  other 
patients,  similarly  affected,  had  secured. 
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Duration  of  postoperative  convalescence  is  determined  chiefly  by 
infections,  to  which  these  wounds  are  predisposed.  The  affected  tis- 
sues usually  harbor  living  liacteria  and  the  regional  circulation  has  been 
impaired  for  a  time  preceding  operation.  If  technical  refinements  that 
promote  healing  are  not  slighted,  seriou>  inflammation  can  he  reduced 
to  less  than  one  in  twentv-five. 


eginning  reflection 
of  feritoneum   * 


exposure  or  deep 


Fig.  17. — Structures  remaining  alter  supcrlicial  ilis.scction  is  complete: 
metbotl  of  obtaining  exposure  of  tlie  retroperitoneal  glands. 

The  following  technical  details  are  ai)i)licable  to  all  dissections. 
If  neglected,  delayed  repair  and  imperfect  functional  recovery  will 
occur  when  they  could  have  been  avoided.  This  has  held  true  in  my 
own  work  and  accounts  for  failures  reported  by  other  surgeons  who 
claim  thev  have  used  the  methods  here  describecl. 


Skin  flaps  should  be  completely  reflected  as  the  first  step,  kept  cov- 
ered   with    warm    moist    gauze,    and    protected    frr.m    pressure    until 
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replaced.  Disscclicjiis  (if  deep  tissues  should  lie  ediiceiUric ;  fis  soon 
as  an  area  is  ex])osed,  bleeding  vessels  should  he  ligated  and  hot  moist 
dressings  a]i]5lied.  Shar])  dissection  is  superior.  After  dissection  is 
completed,  dead  spaces  are  uhliterated  so  far  as  possible  by  suture  or 
tissues  so  li.xed  by  suture  that  the  pressure  of  bandages  will  lead  to 
their  obliteration.  .\  nniscle  floor  is  to  be  fashioned  upon  which  the 
skin  flaps,  that  have  become  skin  grafts  to  a  large  extent,  shall  rest 
and  from  which  thcv  arc  to  obtain  their  circulation. 
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Fig.    18. — Deep    and    superficial   closure;    drainage   of    superficial    wound    not 
Instrated  ;   no  deep  drainage   used. 


The  importance  of  constructing  a  floor  of  muscle  denuded  of  fascia 
but  assured  of  adecjuate  circulation  cannot  be  overestimated.  Hal- 
sted's  ^  splendid  contribution  to  this  subject  should  be  studied  by 
every  surgeon  and  his  suggestions  followed  in  detail.  Elephantiasis 
chirurgica  is  an  avoidable  complication  with  the  exception  of  three 
conditions:  (1)  that  following  recurrent  attacks  of  erysipelas  that 
occur  at   intervals   after  o])eration,    (2)    lym[)hedenia   of   the   external 


1.   Halstcd,  W.  .S. ;    Bull,  John>   Hopkins   Hosp.  32:,«19  (Oct.)   1921. 
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genitalia  following  bilateral  excisions  of  both  deep  and  superficial 
inguinal  glands,  (3)  a  rare  form  that  develops  slowly  a  year  or  more 
after  operation  and  is  possibly  due  to  ])rolonged  irritation  of  senii- 
dorniant  bacter'a  that  have  persisted  in  the  tissues. 

Attempts  to  disinfect  the  deep  wound  with  iodin,  ether,  or  roentgen 
ray  are  more  than  futile.     They  are  harmful  a-~  the\   ]irovol<e  greater 


Fig.  19. — Scar  of  oriKiiial  uiciHiipkH;  upiration,  performed  one  year  pre- 
viously for  tuberculous  adenitis;  spinal  accessory  nerve  had  been  divided;  patient 
sought  relief  from  pain  and  disability  due  to  trapezius  palsy  rather  than  from 
rapid  local  recrudescence  of  disease;  scar  of  radical  operation  performed  through 
composite  incision  eight  months  ago  indicates  poor  healing  occasioned  by  pre- 
ceding operation. 


serous  exudation  and  edema.  Accurate  heniostasis  is  imperative. 
Drainage  is  not  always  necessary;  but  if  small  soft  tubes  are  used 
and  removed  earlv.  sinonth  healing  is  more  certain,    .\ccurate  ap[)roxi- 
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maliim  of  llit-  ?.kiii  iiK-i>iuii>  niininiizcs  scars.  Silk  in  tiic  long  run 
is  far  more  dependable  tor  ligatures  and  sutures  than  catgut,  if  it  is 
as  fine  as  possible,  tied  in  three  knots,  and  the  ends  cut  very  short. 
Dressings  must  be  ample  and  soft  to  equalize  pressure.  Gauze,  well 
moistened  in  warm  glycerin  and  applied  next  to  the  wound,  encourages 
hyperemia  and  the  discharge  of  serum.  It  also  prevents  gluing  of  the 
gauze  to  the  skin  and  greatly  facilitates  the  first  dressing  on  the  third 
(Ia\.  The  earliest  reactivation  compatible  with  healing  is  desirable. 
F.xposure  of  the  field  of  operation  to  sunlight  or  to  electric  light  is 
advantageous,  if  not  overdone.  Massage  can  usually  be  started  within 
ten  davs.     Manipulation  should  be  gentle  at  first,  gradually  becoming 


l-'ig.  20— Anterior  view  of  patient  shown  in  Fignrc  19,  illustrating  partial 
effect  of  eleventh  nerve  palsy.  The  nerve  had  been  reunited  at  the  last  o|)era- 
tion.  There  is  enough  recovery  of  function  to  relieve  pain,  and  the  disability 
is  less. 

niiirc    foi-ccful    to    help    loosen    the    deep    adhesions    and    to    promote 
fnrmaticjn  of  compensatory  blood  and  lymph  circulation. 

.\  complete  excision  of  regional  glands  is  possible  diily  when  more 
than  the  tis.sue  in  which  they  lie  is  removed.  The  ,i,'lan(ls  which  deter- 
mine the  limits  of  a  cervical  dis.section  arc  indicated  in  Figure  1. 
The  upper  boundary  of  both  superficial  and  deep  groups  is  aljnve  the 
level  of  the  jaw.  It  includes  mo.st  of  the  submaxillary  and  the  lower 
portion  of  the  parotid  salivary  glands  and  the  tissue  overlying  the 
mastoid.  The  anterior  lidimdary  is  to  the  ()ppt>site  side  of  the  midline. 
The  posterior  lioundary  lies  superficially,  an  inch  (2.5  cm.)  or  more 
behind  the  anterior  margin  of  the  trapezius,  and  extends  deeply   from 


YATES—SUh'ILHI-UIAl.     I.VMI'H     i.LAXDS 


87 


the  skull  downward  beliind  tiic  trapezius  and  clavicle  to  the  axilla.  The 
inferior  boundary  anterior  to  the  clavicle  extends  from  below  the 
suprasternal  notch  outward  to  the  trapezius;  posterior  to  the  clavicle, 
it  reaches  from  the  jugulosubclavian  juncture  to  the  lower  limit  of  the 
posterior  boundary  beneath  the  trapezius.  Deej)  limits  are  the  cervical 
muscles  and  include  the  spaces  around  and  at  times  between  the  cords 
of  the  brachial   plexus  and   that   |)ostcrior   to  the  great  vessels.     The 


Fig.  21. —  Bastianclli  incision  made  four  years  ago  in  a  removal  of  tuljcr- 
culous  lympliomas  of  so  malign  a  type  that  the  sternocleidomastoid  had  to 
he  excised  to  make  a  complete  operation  possible,  resulting  in  excellent  hcaliTig. 


superficial  limit  is  the  platysma  muscle.  Preauricular  and  occipital 
glands  are  removed  only  when  involved  and  are  approached  through 
separate  incisions. 

Some  of  these  gland  groups  are  particularly  noteworthy  since  they 
are   easily   overlooked   and  this   neglect    has   led   to    failure  to   obtain 
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regional  recovcrv.  Those  l\'iiis  behind  the  nj)per  altaehment  of  ihe 
sternocleidomastoid  muscle,  between  the  internal  jugular  vein  and  the 
mastoid,  are  often  diseased  and  impaliiable.  This  is  also  true  of  the 
glands  back  of  the  angle  between  the  sternocleidomastoid  and  trapezius 
muscles  and  extending  downward  behind  the  anterior  margin  of  the 
tra]5ezius  to  jcun  with  the  i)ostaxillary  glands  in  front  of  the  subscapu- 


I'ig,  22. — Opposite  side  of  neck  sliown  in  preceding  illustration ;  quite  as 
radical  an  operation  was  performed  two  weeks  later  through  a  composite  incision 
with  equally  good  healing  and  leaving  a  mucli  less  objectionahle  scar;  no  recur- 
rences on  either  side. 


laris  muscle.  The  glands  lying  near  and  l:)etween  the  cords  of  the  Ijrachia! 
plexus  coniiuunicate  with  axillary  glands  behind  the  plexus  and  mesial 
to  those  just  described.     The  middle  i>art  nf  the  subcla\ian  chain  com- 
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municates  with  the  axillary  glands  anterior  to  the  plexus.  The  outer- 
most glands  of  the  subclavian  chain  communicate  with  axillary  glands 
lying  upon  the  subscapularis  muscle  as  indicated  above.  The  inner- 
most are  in  the  pathway  between  the  neck  and  the  mediastinum.  The 
more  superficial  anterior  glands  are  not  .shown  in  the  diagram  in  order 
to  avoid  complications.  They  make  necessary  the  removal  of  tissue 
beyond  the  midline  in  order  to  protect  the  other  cervical  region.  A 
group  of  glands  is  commonly  jjresent  below  the  middle  of  the  clavicle, 
anterior  to  the  pectoralis  major  nniM-!c  upon  its   fascia,  or  lying  in  a 


Pig  2.^. — Recovery  from  tulierciilmis  adenitis  oocurrefl  in  this  patient  ni 
spite  of  incomplete  operations.  One  radical  exci.sion  would  have  left  no  more 
scar,    reduced    total    disability,    and    would    have    given    greater    assurance    of 


space  between  the  mu>clc  bundles.  '\h\>  grouj)  communicates  above 
with  the  cervical  glands  through  lymphatics  ])laced  anterior  to  the 
clavicle,  and  directly  posteriorly,  it  communicates  with  the  axillary 
glands.  It  is  to  lie  Iwrne  in  mind  that  the  distribution  of  glands  has 
been  determined  entirely  by  repeated  morbid  anatomic  observations. 

Certain  structures  lying  within  these  limits  must  be  preserved 
(Fig.  2)  to  assure  the  function  necessary  to  protect  local  resistance. 
The  sternocleidomastoid  and  omohyoid  muscles  .seldom  require  com- 
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|)lcU'  rciiKival  aiul  ilu-ii  hiTausc  of  [jeriadcnilis  or  invasions.  Glands 
are  r;irely  present  in  the  lower  tendon  and  adjacent  muscle  of  the 
sternocleidomastoid,  and,  if  not  involved  at  the  time  of  operation,  seem 
to  he  negligible.  Both  of  these  muscles  are  useful  in  repair;  both  have 
sufficient  blood  supply  through  tendinous  branches  to  make  them  viable 
ihdugh   they  are  otherwise  deniuled.      It   is  unsafe  to  divide  them  to 


Fig.  24. — Scars  of  multiple  operations  performed  to  rcnioxe  1\ mplionias  of 
Hodgkin's  disease.  This  man  has  made  a  symptomatic  recovery  in  spite  of 
incomplete  excisions.  Scar  where  preauricular  glands  were  excised  may  he 
niited.  This  patient  would  have  recovered  more  promptly  after  one  coinplete 
extirpation  and  at  least  two  recurrences  would  have  been  prevented  had  the 
lower  margin  of  the  parotid  been  removed.  The  tan  on  his  shoulders  indicates 
persistent  after-care  even  though  he  survived  service  with  the  A.  E.  F.  and 
was  discharged  in  splendid  physical  condition.  His  recovery  is  attributable  to 
the  siilendid  physical  condition  maintained  and  illustrates  what  can  be  accom- 
plished  in  spite  of  surgical  errors. 
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facilitate  dissection  and  to  suture  later,  as  necrosis  or  progressive 
cicatrization  is  liable  to  follow.  Blood  and  lymph  circulations  are 
reestablished  rapidly  and  adequately  if  the  carotids  and  the  deep 
jugular  vein  are  spared.  Plastic  operations  upon  these  vessels  are 
preferable  to  ligation.  Leakage  from  an  injured  thoracic  duct  that  is 
not  noted  at  operation  declares  itself  promptly  and  should  be  controlled 
immediately.  Pressure  packing  with  hot  cotton  usually  suffices.  Pro- 
tection must  be  given  to  nerves  during  both  operation  and  healing. 
Injury  to  the  spinal  accessory  nerves  is  not  always  avoidable.  If 
reunion  after  division  is  impossible,  implantation  of  the  proximal  trunk 


F"ig.  25. — This  boy  has  survived  muhiple  incomplete  bilateral  cervical 
excisions  of  Hodgkin's  lymphomas,  with  division  of  both  spinal  accessory 
nerves,  followed  by  equally  ill-advised  exposures  to  the  roentgen  ray.  Two 
complete  operations  were  finally  performed  through  composite  incisions ;  nerve 
repair  was  unsuccessful.  The  subsequent  healing  was  poor  as  the  scars  indicate. 
Living  in  the  open  has  made  the  difference  between  a  hopeless  and  a  good  prog- 
nosis. Onset  of  disease  six  and  a  half  years  ago:  last  operation  one  year  and 
four  months  ago. 

into  the  trapezius  muscle  may  obviate  paralysis.  Drop  shoulder  due 
to  trapezius  paralysis  does  not  appear  for  several  weeks.  It  is 
unsightly,  a  decided  handicap  to  activity,  and  is  frequently  painful. 
Protection  against  this  handicap  is  so  important  that  the  communicat- 
ing branches  between  the  cervical  plexus  and  s])inal  accessory  nerves 
should  be  saved  if  possible.     Injury  to  the  hypoglnssal   nerve  during 
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operation  is  rare:  l)Ut  as  the  result  of  cicatrizatidii  it  is  mil  unconiiiion, 
particularly  if  a  Bastianelli  incision  is  used,  ll  must  be  remedied  at 
once  or  it  becomes  a  fatal  comj)lication.  The  pneumogastric  nerve  is 
seldom  injured  by  operation  or  cicatrization,  though  it  may  be  affected 
by  pressure  exerted  by  disease.  The  phrenic  nerve  is  rarely  endan- 
gered, and  though  injuries  to  it  may  not  cause  notable  paralysis  of 
the  diaphragm,  it  should  be  protected.  Complete  facial  paralysis  has 
not  occurred,  but  paralysis  of  the  lower  lip  is  the  rule.  The  small 
branch  of  the  seventh  ner\'e  to  the  lip  can  sometimes  be  saved.     Its 


Fig    26  —  \nteriur  view   of  patient  witli   double  spinal  accessory  palsy,  witli 
shoulders  elevated. 


preservation  is  of  little  C(insec|uence  as  regeneration  is  virtually  con- 
stant. Similarly,  the  nerve  supply  to  the  omohyoid,  sternohyoid  and 
sternothyroid  muscle  should  be  saved  if  possible.  The  lingual  branch 
of  the  fifth  cranial  nerve  may  be  traumatized  when  the  submaxillary 
gland  is  cumpletely  excised  and  especially  when  local  anesthesia  is 
employed.  Subseciuent  paresthesias  are  uncommon :  hut  they  arc 
so  disagreeable  when  they  do  occur  that  the  ner\e  slmuld  l>e  carefully 
protected.  Sensory  branches  of  the  cervical  plexus  recjuire  no 
consideration. 
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Incisions  (Fig.  3)  are  determined  partly  by  the  exposure  required 
but  more  by  the  character  of  the  iieahng  likely  to  follow.  The 
Bastianelli  incision  makes  pf)ssible  a  rapid  reflection  of  skin  flaps  and 
gives  excellent  exposure :  but  immediate  healing  is  uncertain.  The 
longitudinal  branch  is  later  liable  to  be  the  site  of  a  dense  band  of  scar 
tissue  which  interferes  with  motion,  is  irritated  by  a  collar,  and  is 
unsightly.  A  composite  incision,  extending  backward  from  the  lobe 
of  the  ear.  downward  posterior  tr)  the  anterior  margin  of  the  trapezius 
and  anteriorly  in  natural  skin  creases  to  the  opposite  side  of  the  neck, 
has  been  more  satisfactory  even  if  flap  reflection  is  more  tedious  and 
the  exposure  less  pleasing. 


Fig.  27. — Posterior  view  of  i)atieiit  with  double  spinal  accessory  palsy  with 
shoulders   elevatcfl :    lifting   .strength    niucli   lielmv   nornial. 

The  skin  flaps  should  not  be  dissected  too  thin.  Routine  removal 
of  the  entire  platysma  muscle  is  unnecessary.  .V  margin  of  this  muscle 
along  the  skin  incision  should  be  .saved  to  aid  both  in  closure  and  in 
healing.  If  a  composite  incision  is  made,  the  skin  posterior  to  the 
vertical  portion  is  not  reflected  so  as  to  assure  a  normal  circulation  on 
one  side  of  the  line  of  suture.  Very  occasionally  a  separate  submental 
incision  may  be  made  to  assure  a  more  accurate  excision  of  these 
glands.  The  Bastianelli  incision,  appropriately  modified,  is  preferable 
for  operations  consisting  of  two  stages  or  more,  when  a  one-.stage 
operation  is  known  in  advance  to  be  undesirable. 
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'i'lic  ooiu-enlric  dissection  (Fig.  4)  is  made  fairly  uiiiforiiily  so 
ihat  iieat  and  ])ressure  in  one  area  will  control  oozing,  while  another 
part  is  heing  excised.  One  line  of  dissection  is  frequently  easiest  and 
is  thus  discovered.  This  is  a  matter  of  importance  in  the  presence  of 
considerable  involvement  with  dense  adhesions.  The  spinal  accessory 
nerve  is  exposed  early  and  protected   from  injury,     .\ftfr  the  tissues 


Fig.  28. — Scar  of  Kocher  incision  for  removal  of  Hodgkin's  lymphomas  five 
years  and  eight  months  ago.  Glands  recently  removed  from  left  axilla  revealed 
common,  nonspecific  adenitis.  Example  of  regeneration  and  normal  reaction 
of  lymph  glands. 

overlving  th.e  sternocleidomastoid  muscle  are  divided,  they  are  dis.sected 
otY  so  that  the  entire  muscle  is  exposed.  Those  reflected  mesially  are 
later  passed  laterally  beneath  the  muscle  and  the  entire  mass  is  removed 
in  one  piece.  Usually  it  is  safest  to  complete  the  dissection  along  the 
deep   lower   boundary   after   the   remainder  of   the   excision    has   been 
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made.  The  chief  danger,  especially  in  tlie  presence  of  periadenitis,  lies 
in  venous  injuries  while  the  subclavian  and  lower  jugular  veins  are 
being  freed.  If  all  of  the  rest  of  the  dissection  has  been  completed, 
this  danger  is  minimized  and  prompt  exposure  of  an  injured  vessel  is 
assured.  Figure  5  shows  a  satisfactory  method  of  obtaining  the  tis.sues 
leading  from  the  neck  to  the  mediastinum.  Traction  from  above,  with 
careful  lilunt  linger  niaiiijnilatioii.  makes  possible  a  far  deeper  removal 


Fig.    29 — Opposite    axilla    of   patient    shown    in    Figure   28;    no    functional 
impairment  on  either  side. 

than  would  be  surmi.sed.  .\ccurate  clamping  as  the  dislocated  glands 
are  cut  free  eliminates  active  bleeding.  Shar])  dissection  cannot  be 
used  to  advantage  in  removing  the  fat  lying  between  the  cords  of  the 
brachial  plexus  or  that  filling  the  space  between  the  clavicle  and 
trapezius,  anteriorly,  and  the  subscapularis,  posteriorly.  Gauze  dis- 
section is  safe  if  the  resisting  bands  are  clamped  .slowly,  cut  and 
ligated.  Motor  nerves  are  thus  recognized  and  trouble.some  bleeding 
due  to  retraction  of  severed  vessels  is  prevented. 
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Tin-  first  .ste])  in  closure  is  to  inspect  every  part  of  the  wound 
for  bleeding  and  for  gauze  or  cotton  packing.  Occasionally,  a  few- 
stitches  will  be  needed  to  check  oozing  from  the  raw  surface  of  the 
parotid.  Muscles  (Fig.  6)  are  sutured  so  as  to  cover  exposed  nerve 
trunks  and  to  provide  as  complete  and  as  even  a  floor  for  the  skin 
flaps    as    possible    without    causing   too    great    tension.    Soft    drainage 


Fig.  30. — Scar  of   KochtT  inc 
four  and  a  half  vears  ago. 


■il  in  removal  of  Hodgkin'.<;  lymphomas 


tubes  are  inserted  and  fixed  so  they  can  be  withdrawn  the  next  morn- 
ing without  disturbing  the  bandage. 

Interrupted  stitches  are  used  to  approximate  subcutaneous  tissue, 
using  platysma  wherever  possible,  in  such  a  manner  that  the  skin 
edges  are  overappro.ximated.  Subcutaneous  sutures  are  so  inserted 
(Fig.  7)  that  the  knots  are  placed  inward,  away  from  the  skin.     The 
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skin  stitch  illustrated  gives  splendid  approximation,  hut  possibly  con- 
tributes to  keloid  formation. 

Large  amounts  of  elastic  dressings  are  placed  upon  the  warm 
glycerin  gauze  next  to  the  wound  and  the  head  inclined  toward  the 
operated  side,  rotated  toward  the  opposite  side  and  firmly  fixed.  This 
uncomfortable  position   should   be  maintained   for   four  or   five  davs. 


Fig.  31. — Self!,  of  cnmpn.sitc  incision  used  to  remove  an  endothelioma  from 
arm.  and  to  excise  the  axillary  glands  a  year  ago.  This  patient  has  not  regained 
function  in  the  pectoralis  major  which  explains  limitation  of  motion. 

Patients  should   be  encouraged   to   sit   upright  as   soon  as   anesthetic 
dizziness  has  disappeared  and  to  get  out  of  bed  on  the  second  day. 

It  has  been  asserted  that  these  operations  are  best  performed  with 
local  anesthesia.  My  experience  has  taught  that  ether  anesthesia 
given  with  the  Connell  apparatus  is  the  most  satisfactory  method  for 
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the  patient.  After  the  first  lialf  hour  the  anesthesia  sIkiuIiJ  l)econie 
analgesia.  A  more  accurate  dissection  can  he  made  than  is  possihle 
with  local  anesthesia.  The  patients  are  conscious  hefore  closure  is 
complete,  and,  as  a  group,  show  little  of  the  had  eiifects  of  ether. 
Morphin  is  given  before  and  after  operation. 

Extirpation  of  axillary  glands  is  far  easier  than  that  of  cervical 
glands,  hut  jjostoperative  repair  is  less  satisfactory.     The  glands  that 


Fig,  32. — Patient  showing  liow   little  a  composite   incision  shows  even   when 
there  is  extensive  keloid  at  thickening  in  the  scar. 


determine  the  safe  limits  for  excisions  are  indicated  in  Figure  8.  The 
upper  boundary  is  superficially  above  the  clavicle  and  includes  the 
fascia  over  the  .sternocleidomastoid  and  trapezius  muscles ;  deeply  it 
extends  from  beneath  the  sternoclavicular  ligament  outward  to  the 
latissimus  dorsi  tendon,  in  front  of  the  vessels  up  to  the  clavicle  and 
behind  the  nerves  upward  to  include  the  upper  subscapularis  margin. 
Laterally,    the    boundary    is    superficially    the    anterior    margin    of   the 
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latissimus  dorsi  and  deeply  tlie  fat  lying  anterior  to  this  muscle. 
Inferiorly.  tbe  boundary  is  determined  by  the  disease.  In  cancer  of 
the  breast  it  includes  the  upper  rectus  fascia  and  extends  thence  out- 
ward to  the  latissimus  dorsi.  The  mesial  boundary  extends  from  the 
opposite   pectoralis  major   muscle   and   in   cancer   includes    the   entire 


Fig.  33. — Result  three  years  after  radical  operation  for  mammary  cancer. 
The  pulling  band  in  the  axilla  could  have  been  obviated  and  better  function 
obtained  if  Halsted's  operation  had  been  performed. 


homolateral  pectoralis  major;  in  the  other  affections  onlv  the  upper 
portion  of  its  fascia.  Superficially,  the  limit  is  the  subcutaneous  fat. 
and,  deeply,  it  is  the  ribs  and  interco.stal  muscles. 


lUd  ARCmriiS    OF    SURGERY 

(.ilaiul  t;ri)ii])N.  especiall}'  noteworthy  because  llie_v  may  he  over- 
looked anil  may  lead  to  avoidable  extension  or  regional  recurrences, 
are  all  v.i^iK  removable.  Those  lying  close  to  the  sternal  attachment 
of  the  pectoralis  major  communicate  with  the  mediastinum  and  are 
removed  if  the  muscle  is  cut  close  to  its  origin.     No  serious  bleeding 


Pig  34 — Scars  of  operations  performed  six  and  a  half  years  ago  to  remove 
superficial  glands  from  both  groins  because  of  Hodgkin's  disease.  This  is  the 
same  patient  shown  in  Figure  30.  He  served  with  combatant  troops  in  France 
and  at  iiresent  is  disease-free. 


need  folhiw  if  perforating  branches  are  clamped  before  they  can 
irtract.  The  glands  located  above  and  behind  the  axillary  vessels  are 
in  direct  comnuinication  with  the  neck  and  those  in  the  fat  anterior 
to  the   latissimus   dorsi   are.  similarly,   gateways  to  the  lymphatics   in 
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the  spinal  canal.  A  "land  or  two  is  irregularly  present  within  the 
mammary  gland  near  its  outer  margin  but  occurs  often  enough  to 
require  excision  of  this  portion  of  the  breast  in  noncancerous  affec- 
tions. Like  the  preauricular  and  occipital  glands  in  cervical  involve- 
ment, there  is  a  group  lying  over  the  infraspinatus  muscle  just  below 


Fig.  35. — Wound  on  second  day  after  excision  of  deep  and  superficial 
inguinal  glands;  sutures  have  been  removed  from  lower  half  of  incision  and 
adhesive  strips  applied  to  prevent  separation  of   skin  margins 

the    spine   of   the   scapula   that   require   removal   only    when   involved 
and  are  then  secured  through  a  separate  incision. 

Structures  essential  to  function  that  should  be  spared  in  axillarv 
dissection  are  few.    Complete  excision  of  both  pectoral  muscles  is  indi- 
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catc-(l  in  oporations  for  mammary  lancer.  In  iither  aftVctioiis  the 
I)ectorali>  minor  alone  is  removed.  J 'reservation  of  t\w  external 
anterior  llioracic  ner\e  is  usually  im])ossible.  Contraction  of  the 
pectoralis  major  ma\-  return  in  a  few  weeks  e\en  when  it  is  divided. 
The  posterior  thoracic  lu-rve  and  the  branch  to  the  latissimus  dorsi 
should  usually  be  saved.  Main  a.xillary  \essels  should  be  saved  to 
])reserve  function  and  to  give  direction  to  regenerating  lyniphatics. 
Injury  to  the  cephalic  vein  should  be  avoided,  as  it  is  of  great  value 
in  compensating  if  the  axillary  vein  is  destroyed  and  in  aiding  the 
regeneration  t)f  lymphatics. 

Removal  of  dangerous  tissue  recjuired  in  operations  inr  mannnary 
cancer  (Fig.  10)  demands  incisions  not  needed  in  the  excision  of 
axillary  glan<ls  in\'ol\ed  by  other  malignant  diseases.  Only  the  latter 
operation  will  be  described  in  detail.  The  reader  is  referred  to  Hal- 
sted's  description  of  his  radical  operation  for  cancer  of  the  breast  for 
the  methods  that  both  give  the  greatest  protection  and  assure  the 
most  satisfactory  functional  recovery.'-  Longitudinal  incisions  in  tlie 
mida.xilla  are  favorable  neither  for  exposure  nor  for  healing.  An 
exaggerated  Kocher  incision  gives  adequate  exposure  and  heals  fairly 
well.  The  composite  incision  gives  better  exposure,  heals  well,  is  less 
unsightly,  and  can  easily  be  varied  to  suit  conditions. 

.\fter  skin  flaps  have  been  reflected  and  protected,  a  concentric 
deep  dissection  is  started.  A  superficial  reflection  is  begun  above  the 
clavicle  and  along  the  mesial  boundary  that  includes  all  tissues  down 
to  the  muscles.  It  extends  downward  in  women  below  the  upper  mam- 
mary margin  and  includes  the  lateral  border  of  the  breast ;  in  men 
the  pectoral  fascia  is  more  widely  removed.  When  this  part  of  the 
dissection  is  finished,  the  upper  anterior  surface  and  entire  lateral 
margin  of  the  pectoralis  major  is  exposed.  The  tendinous  insertion  of 
its  sternal  portion  is  then  divided  fairly  close  to  the  humerus  and 
as  the  under  surface  is  separated  this  part  of  the  muscle  is  reflected 
toward  the  opposite  side  (  Fig.  11),  giving  abundant  exposure.  The 
inferior  boundary  of  incision  at  the  lower  margin  of  the  pectoralis 
major  is  carried  laterally  onto  the  latissimus  dorsi.  The  whole  of  the 
mesial  margin  of  this  muscle  is  exposed,  the  muscle  retracted  and 
the  underlying  fat  dissected  toward  the  midline.  Removal  is  hence- 
forth from  above  downward.  The  chnicular  portion  of  the  pectoralis 
major  is  retracted,  the  insertion  of  the  pectoralis  minor  divided  and 
all  of  the  fat  above  and  anterior  to  the  vessels  dissected  downward. 
The  axillarv  vein  is  freed  from  beneath  the   falciform  ligament  out- 


2.  Halsted'.s  di.scus.sion  of  the  causes  of  postoperative  elephantiasis  is  invalu- 
able in  connection  with  extirpation  of  lymph  glands.  Footnote  1  :  Developments 
in  the  Skin-Grafting  Operation  for  Cancer  of  the  Breast.  J.  A.  M.  A.  40:416 
(Feb.  8),  1913. 
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ward  and  its  branches  ligated,  except  the  vein  accompanying  the 
external  respiratory  nerve.  Upward  retraction  of  the  vein  makes 
possible  the  removal  of  fat  lying  behind  and  above,  first  mesial  to, 
and  then  lateral  to,  the  branch  that  has  been  saved.  Discovery  and 
protection  of  the  two  nerves  is  easy.  The  remaining  excision  of  the 
single  mass  of  tissue  is  rapid.  This  dissection  removes  all  dangerous 
gland-bearing  tissue  and  breaks  lymphatic  connections  with  sjjinal 
canal,   neck,  mediastinum  and  opposite   axilla. 

Deep  closure  i  Fig.  12)  includes  fixation  of  the  pectoralis  major  to 
the  chest  wall  with  a  few  mattress  sutures  of  catgut  to  help  obliterate 
a  large  and  dangerous  dead  space,  suturing  the  tendon  at  its  line 
of  division  and  stitching  the  lateral  border  to  the  anterior  margin 
of  the  latissimus  dorsi.  Drainage  of  these  wounds  is  imperative.  The 
superficial  closure  is  similar  to  the  cervical  (Fig.  13). 

Bandages  include  the  arm  when  the  jiectoralis  major  is  saved 
and  active  motion  is  deferred  until  after  the  fifth  day.  Function  is 
nearly  normal  in  a  few  weeks. 

Removal  of  inguinal  and  iliac  glands  is  easy  and  imniediate  heal- 
ing is  satisfactory,  provided  the  technical  niceties  are  observed  in  every 
detail.  There  is  posto])erative  edema  of  the  genitalia  of  some  dura- 
tion that  is  particularly  troublesome  after  bilateral  operations.  A 
distinction  is  to  be  made  between  superficial  and  deep  involvement 
(Fig.  14).  The  sui)erricial  glands  extend  from  above  Poupart's  liga- 
ment to  below  the  midthigh  and  from  the  pubes  to  the  anterior  superior 
spine ;  the  deep  involvement  from  beneath  Poupart's  ligament  to  the 
sacral  promontory.  Limits  for  superficial  and  deep  excision  are  obvious. 
There  is  difficulty  in  deciding  when  to  extirpate  the  retroperitoneal 
glands  because  of  consequent  edema  of  the  genitalia  if  operations  are 
bilateral.  A  few  .structures  should  be  spared.  The  long  saphenous 
vein  is  valuable  in  helping  regeneration  of  lymphatics.  Sparing  the 
external  cutaneous  nerve  prevents  annoying  anesthesia.  Deej)  epi- 
gastric ves.sels  can  sometimes  be  saved,  but  ligation  seems  to  make  no 
difference  in  the  healing  and  provides  better  exposure   (Fig.   15). 

Skin  flaps  are  .sejjarated  and  protected  with  particular  care.  The 
superficial  dissection  is  made  concentrically.  It  removes  all  the  tissues 
from  above  the  level  of  the  internal  ring  down  to  the  fascia  of  the 
externa]  oblique  muscle  ( Fig.  15).  The  fascia  lata  is  excised  as  close 
to  Poupart's  ligament  as  a  sufficient  protection  against  hernia  permits. 
Separation  of  glands  from  the  femoral  vein,  notably  at  the  juncture 
with  the  saphenous  \ein.  may  be  a  little  trrniblcsome.  (  )therwise  the 
dissection  is  simple. 

Incisions  are  determined  by  the  healing  (Fig.  16).  If  made  with 
convexity  inward,  a  skin  slough  is  probable :  a  slight  convexity  out- 
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ward  is  safe  if  located  slightly  to  the  mesial  aspect  of  the  thigh.  If 
only  the  superficial  glands  are  to  be  removed;  the  incision  extends 
from  just  above  Poupart's  ligament  to  just  above  the  midthigh ;  if 
a  deep  dissection  is  contemplated,  tlie  u|i]>er  limit  is  extended  to  the 
level  of  the  umbilicus. 

l''.x])osure  of  retroperitoneal  glands  is  obtained  by  a  herniotomy 
incision.  The  fascia  of  the  external  obli(jue  muscle  is  split  just  above 
the  upper  margin  of  the  external  ring.  The  spermatic  cord,  protected 
against  injury,  is  displaced  upward  without  avoidable  exposure  and 
separation.  The  internal  oblique  and  transversalis  muscles  are  separated 
outward  from  Poupart's  ligament  and  displaced  upward  (Fig  17). 
After  the  deep  epigastric  vessels  are  ligated  or  stretched  and  dis- 
placed, the  peritoneum  is  separated  and  elevated.  Fat  and  glands  are 
removed  from  below  upward,  largely  by  blunt  dissection.  Resistant 
bands  are  made  tense  by  traction,  divided  between  clamps.  It  is 
thus  possible  to  make  safely  a  clean  dissection  as  high  as  the  promon- 
tory of  the  sacrum  (Fig.  15). 

Closure  (Fig.  18)  of  a  wound  created  for  deep  excision  is  like  the 
Ferguson-Andrews  herniotomy  closure,  excejit  that  the  lower  leaf  of 
the  external  oblique  fascia  is  placed  superficially  in  order  to  transplant 
the  suture  line  upward,  away  from  the  zone  of  danger  of  poor  heal- 
ing. Extra  care  is  to  be  taken  to  obtain  a  smooth  muscle  floor.  Exci- 
sion of  fascia  lata  and  the  construction  of  a  muscle  floor  make  possible 
immediate  healing  and  the  development  of  a  compensatorv  circula- 
tion. Later  the  skin  scar  becomes  freely  movaI)le,  the  subcutaneous 
fat  is  smooth  and  the  fascia  lata  seems  to  regenerate.  The  deep 
retroperitoneal  space  obliterates  itself  so  that  drainage  is  unnecessary 
if  the  ligation  of  vessels  has  been  accurate  and  oozing  has  been  con- 
trolled by  hot  packs.  A  small  tulie  should  be  inserted  at  the  lower 
angle  of  the  skin  incision  and  carried  upward  along  the  inner  side 
of  the  sartorius  to  just  below  Poupart's  ligament.  It  should  be  removed 
the  first  day.  Abundant  elastic  dressings  and  a  snug  spica  are  needed 
to  maintain  pressure  and  to  hold  the  thighs  in  flexion.  The  foot  of  the 
bed  should  be  elevated  as  high  as  tolerable. 

These  patients  should  be  out  of  bed  in  a  week  or  ten  days  and 
begin  at  once  to  walk  a  little,  then  to  sit  with  the  feet  elevated  until 
the  swelling  is  less.  If  this  method  of  exercise  is  coupled  with  system- 
atic massage,  recovery  is  hastened. 

A  few  photographs  are  reproduced  herewith  to  show  the  healing 
and  the  functional  results  following  operations  performed  according 
to  the  methods  described.  They  have  been  selected  as  fair  examples 
of  cases  that  have  gone  long  enough  to  indicate  the  probable  accomplish- 
ments of  this  type  of  surgery. 
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COMMENT 

A  >liidy  (it  Iliidgkin's  disease  begun  fifteen  years  ago  developed  a 
deeper  interest  in  fitlier  lymph  gland  affections.  After  a  few  years 
the  investigation  was  broadened  by  a  realization  that  Hodgkin's  disease 
possesses  characteristics  of  both  a  granuloma  and  neo|)lasm  and  is 
a  sort  of  connecting  link  between  them.  A  comparative  study  of 
tuberculosis.  Hodgkin's  disease  and  cancer  was  undertaken  to  learn 
from  their  pathogenetic  activities  and  consequent  defensive  responses 
whatever  might  help  to  solve  the  chief  problem — a  means  to  more 
eflfective  treatment. 

Results  of  these  studies  have  been  piil)lished  '''  at  inter\als  and 
are  the  basis  of  this  paper,  which  would  have  become  overlong  had 
the  evidence  again  been  presented.  Clinical  and  experimental  data 
indicate  variations  in  susce])tibility  to  the  diseases  in  question,  and 
that  age,  sex.  race  and  environment  are  to  some  extent  influential. 
Moreover,  there  are  variations  in  individual  susceptibility  to  the  ravages 
of  the  diseases,  once  they  arc  established,  which  are  determined  by 
other  influences  than  that  of  duration  of  the  ailment.  Two  conclusions 
have  been  drawn:  First,  there  are  defensive  reactions  concerned,  which 
are  responses  to  irritation  of  disease ;  and,  second,  effective  treatment 
must  reduce  irritation  and  conserve  defensive  powers. 

The  offensive  mechanisms  have  many  parts  in  common.  They 
induce  far  less  obvious  responses  than  do  more  acute  diseases  because 
the  reactions  are  of  less  degree  and  of  far  greater  duration,  like  the 
ridges  in  the  bellows  of  an  accordion  that  tend  to  disappear  when 
the  ends  are  more  widely  separated.  Nevertheless,  certain  features 
are  well  established.  Living  irritants,  bacteria  or  morbid  cells,  e.xtend 
from  a  primary  focus  or  portal  of  entry  through  lymphatics  to  lymph 
glands  or  lymphadenoid  structures  in  which,  if  the  parasitic  cells  are 
able  to  develop,  secondary  foci  are  formed  from  which  further  exten- 
sion similarly  occurs.  Hematogenous  dissemination  is  also  a  possibility 
or  perhajjs  a  probability.  In  addition,  there  is  a  constant  dissemination 
of  soluble  irritants  [)roduced  by  the  action  of  morbid  cells.  The  tox- 
emia affects  the  hematopoietic  system,  the  nervous  system,  liver, 
kidney  and  heart  muscle.  Thus  arise  the  anemia,  depression  and  other 
manifestations  that  make  up  the  disease  picture. 

Defensive  responses  depend  upon  intensity  of  the  irritation  and 
readability  of  the  host.  There  may  be  much  or  little  lymphangitis  and 
perilymphangitis ;  lymphomas  may  develop  rapidly  or  remain  obscure : 
anemia  may  be  a  first  sign  or  a  very  late  one ;  mental  depression  and 
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])h_\sii.;il  wcjikiR'^N  may  be  di-^pnipdnidiiale  to  the  amount  of  disease; 
febrile  responses  may  be  prominent  or  absent,  or  in  Hodgkin's  disease 
they  may  be  pathognomonic. 

There  are  two  reactions  of  great  importance  from  the  standpoint 
of  treatment.  Moderate  irritation  of  lymphadenoid  tissue  causes  stimu- 
lation of  lymphoblasts  which  provokes  not  only  an  increased  production 
of  lymphocytes,  but,  what  is  still  more  significant,  it  leads  to  a  forma- 
tion of  .something  which  simulates  an  antibody,  in  that  it  possesses 
protective  \alue.  jusi  why  an  abundance  of  lymphocytes  about  the 
local  lesions  and  in  tiie  blood  stream  indicates  a  more  competent 
■defense  is  not  clear:  Ijut  it  has  held  so  accurately  in  our  studies  that 
it  is  accepted  as  a  fact. 

A  working  hypothesis  that  will  be  satisfactory  until  the  functions 
of  the  lymphocyte  are  discovered,  because  it  has  been  substantiated 
by  observations,  is  that  good  defense  is  typified  by  a  moderate  lymphocy- 
tosis. By  the  same  token,  effective  therapy  preserves  or  precedes 
increased  lymphoblastic  activity  that  will  be  insufficient  to  cause 
lymphoblastic  exhaustion. 

This  hypothesis  will  hold  whether  or  not  the  lymphocyte  is  found 
to  be  of  value  in  defense,  because  active  lymphoblastic  tissue  is  invalu- 
able. Newly  forming  lymphadenoid  tissue  is  both  intrinsically  hyper- 
resistant  and  beneficial  to  the  entire  organism.  Lymphoblastic  stuctures 
undergo  the  compensatory  hyperplasia  seen  in  other  varieties  of 
glands  if  a  considerable  proportion  is  suddenly  removed  and  the 
remainder  is  relatively  normal.  I  believe  I  have  found  that  a  ])hysio- 
logic  response  of  this  nature  consequent  upon  regional  lymph  glandular 
extirpations  or  splenectomy,  followed  by  exposure  to  sunlight,  is  the 
best  way,  if  not  the  only  way,  to  induce  desirable  lymphoblastic 
stimulation. 

These  diseases  do  not,  as  a  rule,  progress  steadily  and  it  is 
improbable  that  uninterrupted  development,  even  in  the  ultra-acute  and 
chronic  forms,  is  more  than  the  rarest  of  exceptions.  The  alternating 
phases  of  growth  and  retardation  in  disease  evolution  are  believed 
to  be  due  to  periods  when  the  defensive  reactions  are  nearlv  adequate 
or  quite  inadequate.  If  spontaneously  they  became  and  remained 
adequate,  the  disease  would  cease  to  be  malign,  which  is  the  usual 
course  in  tuberculosis.  Should  the  irritation  be  early  and  sufficiently 
reduced  by  extirpation,  as  it  may  be  in  cancer  and  in  Hodgkin's  disease, 
the  living  irritants  are  rendered  innocuous  and  remain  latent  until 
defense  is  subsequently  disturbed  and  a  recrudescence  is  established. 
Renewed  activitv  can  occur  after  thirtv  vears  of  latencv  in  cancer,* 
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and  I  have  seen  it  apjiear  in  a  Hodgkin's  "cure."  eleven  years  after 
the  disease  was  supposedly  overcome. 

Attention  is  too  easily  focused  upon  local  reactions  and  too  little 
consideration  is  given  to  the  more  general  res])onses.  Integrity  of  the 
entire  circulatory  system  is  requisite  to  recovery,  not  merely  of  the 
lymphoblastic  fraction.  This  includes  the  bone  marrow  and  the  heart 
muscle  directly,  and  less  directly  the  liver  and  kidneys.  However  it 
may  come  about,  whether  through  age,  unhygienic  living,  or  inter- 
current influenza,  etc..  impairment  of  the  hematopoietic  structures 
predisposes  to  a  serious  break  in  defense. 

Treatment  consists  of  eradication  of  local  disease  and  conserva- 
tion of  hematopoietic  function.  My  experience  has  taught  me  that 
complete  excisions  are  trustworthy.  Adjacent  regions  may  become 
involved  when  resistance  is  dissipated  and  widespread  dissemination 
follows,  yet  the  excised  areas  remain  free.  Failures  to  obtain  regional 
cures  have  been  tlue  in  my  hands  to  partial  excisions.  I  believe  the 
reason  that  operations  in  the  treatment  of  Hodgkin's  disea.se  are  in 
ill  repute  is  because  they  have  not  been  thoroughly  performed. 
Incomi)lete  oj)erations  are  still  being  performed  in  combating  cancer 
because  the  greater  advantages  of  radical  surgery  have  remained 
undemonstrated. 

I  am  opposed  to  routine  radiation  for  three  reasons.  It  is  an  uncer- 
tain means  for  the  elimination  of  a  primary  foci.  It  has  never  con- 
trolled malign  lymphomas  permanently.  It  has  a  deleterious  effect  upon 
hematopoietic  function  when  too  large  doses  are  given.  Dose  measure- 
ment is  difficult.  .\n  estimation  of  a  patient's  suscc[itil)ilitv  to  roentgeti- 
ray  is  guesswork. 

I  have  seen  patients  who  have  boasted  of  the  phenomenal  exposures 
to  roentgen  ray  and  especially  to  radium  that  they  have  been  able  to 
withstand.  Tlieir  blood  showed  the  lethal  effects  which  a  short  time 
demonstrated.  Radiation  will  reduce  the  white  cells  in  leukemia.  It 
will  do  so  in  the  absence  of  leukemia.  It  will  also  produce  an  aplastic 
anemia.  Time  was  when  enthusiasm  for  radiotherapy  was  alone 
tenifjered  by  the  danger  of  skin  burns.  It  should  be  regulated  now 
by  the  dangers  of  bone  marrow  burns. 

Efforts  to  stimulate  a  production  of  lym])hncytes.  of  erythrocytes 
and  of  blood  platelets  after  the  mother  cells  have  become  exhausted 
or  destroyed  have  been  unsuccessful.  Life  can  be  prolonged  materially 
by  repeated  blood  transfusions,  particularly  when  radiation  is  being 
pushed  energetically  for  palliation.  Living  in  the  open  with  exposure 
to  sunshine  is  the  surest  and  .safest  method  for  getting  maximum 
benefits. 
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It  nui^t  he  recalled  that  radioiherapy  i-.  >till  in  an  experimental 
stage.  Some  excellent  resnlts,  like  the  treatment  of  cancer  of  the 
cervix  of  the  uterus,  are  now  ohtainahle.  <  )ther  real  advances  will 
be  inade.  Ivxiierimental  and  clinical  evidence  indicates  that  radiation 
is  least  harmful  when  the  l\ini)hohlastic  activities  remain  unaffected. 
Administered  within  this  limit  there  may  lie  some  advantage  to  be 
obtained  from  ].)ostoperative  treatment.  If  the  dosage  exceeds  this 
limit  and  produces  lymphopenia,  harm  is  being  done,  even  though 
palliation  of  an  otherwise  unrelievable  disease  is  the  only  aim. 

SUMMARY 

There  are  good  reasons  for  the  universal  dissatisfaction  with  the 
results  of  present  methods  of  treating  malign  diseases.  Failures 
are  partially  attributable  to  late  diagnosis  and  delayed  treatment;  but 
they  are  also  due  to  a  concentration  of  medical  activities  upon  signs 
and  symptoms  of  disea.se  rather  than  upon  the  real  factor  that 
determines  the  outcome — the  defensive  capacity  of  the  individual. 

Progress  is  impeded  at  the  present  time  by  too  great  expectation 
from  the  searches  and  researches  devoted  to  the  discovery  of  "cures." 
A  very  natural  and  human  desire  for  a  panacea  may  one  dav  be  grati- 
fied, liut.  judging  fr(im  the  past,  that  day  is  still  remote.  Meanwhile 
the  clinicians  who  are  treating  patients  must  make  advances  with  the 
means  at  hand  if  they  recognize  their  responsibilities  and  their  oppor- 
tunities. There  is  ample  reason  to  l)elie\e  that  individuals  vary  in 
susceptiliility  to  malign  diseases  and  also  in  susceptibility  to  their 
ravages  once  they  are  established.  Treating  malignant  diseases  has 
accomplished  relatively  little.  Treating  the  patient  to  decrease  suscepti- 
bility has  accomplished  a  great  deal  in  tuberculosis  and  can  be  extended 
to  other  malign  affections  with  but  one  risk — that  of  benefit. 

A  logical  method  might  well  be  made  to  combine  all  that  is  known 
to  be  eftective  in  the  treatment  of  disease  with  all  that  is  known  to 
be  beneficial  in  treating  the  individual.  Such  therapy  could  be  called 
scientific,  and  no  other.  Ifj  it  is  to  be  adopted,  we  will  have  to  stop 
drugging  ourselves  with  statistics  because  scientific  'treatment  can 
no  more  be  determined  by  statistics  than  it  can  be  instituted  for  thetn. 
Figures  compiled  today  upon  what  ^eem  to  be  facts,  tomorrow  have 
little  foundation  in  fact.  Results  are  proof ;  and  when  favorable  results 
are  obtainable,  figures  are  no  longer  manipulated  to  establish  that  fact. 

In  combating  disease  that  can  persist  throughout  a  patient's  life  and 
probably  does  so  persist,  it  is  manifest  folly  to  speak  of  surgical  cures  or 
of  cures  of  any  kind.  The  term  '"cure"  implies  permanency  and  when 
used  in  this  way  it  is  doubly  harmful.  It  releases  patients  from  their 
obligation  to  take  care  of  themselves  an<l  absolves  their  physicians  from 
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their  lasting  responsiI)ility  in  what  has  become  preventive  therapy. 
Deaths  due  to  avoidable  mistakes  in  treatment  are  no  less  unfortunate 
whether  they  occur  in  ten  days  or  in  ten  years. 

We  know  that  in  following  this  line  of  treatmeni  it  lias  been  possible 
for  patients  suftering  from  malign  diseases  to  have  lived  longer  than 
would  otherwise  have  been  possible.  I  hope  that  the  operations  that 
have  benefited  a  small  group  of  patients  may  enable  other  surgeons  to 
initiate  recoveries  of  greater  duration  in  a  larger  number. 
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XKW     ORI.KANS 
THE     TKEXD     OF     THORACIC     SCKGERV      IX      1920     AXD      1921 

Impressed  bv  the  great  \oluiiie  and  variety  of  articles  on  subjects 
pertinent  to  the  surgery  uf  the  thorax,  which  have  appeared  in  the 
current  Hterature,  1  have  endeavored  to  compile  and  classify  the 
bibliographv  in  cirder  to  determine,  as  far  as  practicable,  the  actual 
progress  acconi])lished  and  the  lines  of  advance  as  foreshadtnved  by 
the  activities  of  the  workers  in  our  special  problems. 

The  great  impetus  gi\en  to  thoracic  surgery  by  the  experience  of 
the  world  war,  so  well  emphasized  by  Dr.  Meyer  in  his  presidential 
address,  is  still  reflected  in  the  current  literature,  and  the  vital  issues 
raised  by  that  experience  continue  to  ride  over  the  great  tide  of  thoracic 
literature  as  its  leading  and  dominant  topics  of  discussion.  In  a  merely 
tentative  and  incomplete  estimate  of  the  bibliographic  references  on 
thoracic  surgerv  which  have  appeared  during  the  last  eighteen  months, 
or  from  Jan.  1.  1920,  to  June  1,  1921,  I  find  that  of  210  tides  no  less 
ih.in  ,iO  per  cent,  are  devoted  to  acute  and  chronic  empyema,  15  per 
cent,  to  gunshot  or  other  wounds  of  the  che.st,  including  foreign  bodies, 
and  10  per  cent,  to  surgical  and  artificial  pneumothorax,  though  this 
subject  is  dealt  with,  directly  or  indirectly,  in  nearly  all  the  papers  on 
intrathoracic  surgerv  as  a  correlated  subject.  The  remaining  45  per 
cent,  are  represented  unevenly  in  smaller  percentages  by  foreign  bodies 
in  the  chest,  including  the  lungs,  pleura  and  mediastinum,  in  the  heart, 
]jericardium,  diaphragm,  as  well  as  mediastinal  abscess,  tumors  and 
cysts,  including  hydatids  and  dermoids,  lung  abscess,  bronchial  fistula, 
retrosternal  goiter  and  thymus,  and  in  the  surgical  afl:'ections  of  the 
chest  wall. 

This  cursory  inventory,  imperfect  as  it  is,  shows  that  the  great  war 
topics,  empyema,  gunshot  wounds  of  the  chest,  and  pneumothorax, 
continue  to  be  the  dominant  topics  of  discussion,  though  I  believe  that 
a  careful    statistical    compilation   of   the   bibliography,   beginning   with 


*  President's  address,  read  before  the  fourth  animal  meeting  of  the  American 
Association  for  Thoracic  Surgery,  Boston,  June  6.  1921. 
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1915,  will  show  that  the  crest  of  the  wave  of  thoracic  war  literature 
was  reached  in  1920  and  that  from  now  on  we  may  expect  a  steady 
decline  of  the  war  contributions,  which  are  devoted  largely  to  narratives 
of  individual  or  collective,  but  sectional,  military  experience  at  the 
various  battle  fronts  or  base  hospitals.  While  the  history  of  the  war  in 
its  large  statistical  as])ects  from  the  international  point  of  view  and 
from  official  sources  is  largely  in  the  making,  many  of  tlu-  Iriicr  pub- 
lications at  home  and  abroad  suggest  that  with  the  return  of  peace  we 
are  beginning  to  view  with  greater  calm  and  discrimination  the  losons 
of  the  great  war  and  a])praising  them  at  their  just  valuation.  We  are 
now  entering  a  period  of  transition,  in  which,  with  a  better  perspective, 
we  are  utilizing  the  facts  gathered  in  the  strain  and  tumult  of  war  to  the 
greater  profit  of  the  more  reflective  and  deliberate  conditions  of  civilian 
practice.  Many  of  the  sweejiing  generalizations  which  at  first  seemed 
to  wipe  out  at  one  stroke  all  the  traditions  and  teachings  of  thoracic 
surgerj-.  so  laboriously  accumulated  by  past  generations,  are  being 
tempered  bv  a  more  guarded  judgment.  This  does  not  mean  that  the 
experience  of  the  great  war  has  not  brought  with  it  great  and  truly 
epochal  revelations,  or  that  the  experience  of  the  war  has  not  left 
behind  it  many  and  momentous  truths  which  will  remain  as  permanent 
acquisitions  in  the  line  of  advance  and  surgical  progress — far  from  it. 
What  I  mean  is  merely  that  we  are  now  settling  into  a  more  reflective 
and  retrospective  mood,  and  learning  to  differentiate  between  the  urgent 
and  hastily  improvised  conditions  of  warfare  and  the  rer|uirements  of 
a  calm  and  better  organized  civilian  practice. 

The  fearful  e.\])erience  of  the  pandemic  wave  of  influenzal  pneu- 
monia, with  its  secondary  empyemas,  which  swept,  as  a  deadly  plague, 
over  our  military  camps  at  home  and  during  the  fated  years  of  1917 
and  1918,  taught  us  the  most  co.stly  and  yet  the  most  profitable  les.son. 
We  learned  then  that  the  deadly  Streptococcus  hcniolylicus  was  not  to 
be  dealt  with  as  we  had  been  in  the  habit  of  treating  the  more  familiar 
and  less  deadly  pneumococcus  of  the  metapneumonic  pleural  infections. 
It  taught  us  a  les.son  of  caution  and  conservatism  in  the  treatment  of 
pleural  effusions  in  a  way  that  entirely  upset  our  older  notif)ns  of 
pleural  drainage.  The  terrific  mortality  that  attended  the  free  and 
easy  methods  of  pleural  drainage  when  applied  to  the  ei)idemic  type 
of  acute  pneumonic  empyema  opened  our  eyes  to  the  dangers  of 
pneumothorax  as  an  added  complication  to  our  interventions  which 
extinguished  the  alrea<ly  crippled  function  of  an  acutely  inflamed  lung. 

The  resurrection  of  the  closed  methods  of  drainage  which  obviate 
the  risks  of  pneumothorax  in  the  acute  pneumonic  empyemas  of  strep- 
tococcal type — following  as  it  did  upon  the  systematic  and  collective 
investigation  of  the  causes  of  mortality  in  the  military  training  camps 
by  the  Empyema  Commission  appointed  by  the  Surgeon  General  of 
the  Army  in  1918 — was  a  revelation,  and  marks  an  epoch  in  the  history 
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111  enip_\ciiia  which  will  remain  as  one  of  the  most  creditable  and  endur- 
ing contributions  of  American  medicine  to  the  surgery  of  the  chest. 

It  is  curious,  but  not  strange,  that  in  surgery,  as  in  all  else,  long 
forgotten  or  neglected  practices,  born  often  of  pure  instinct  and 
empiricism,  are  revived,  justified,  and  vindicated  in  the  light  of  advanc- 
ing investigation,  knowledge  and  experience.  It  might  thus  appear 
that  we  have  gone  back  nearly  half  a  century  in  returning  to  the  closed 
methods  of  drainage  and  aspiration  which  had  their  origin  in  Dieulafoy, 
Bowditch  and  Potain,  long  before  Biilau  (1891)  advocated  them — in 
the  minds  of  the  old  surgeons  who  instinctixely  feared  the  entrance  of 
air  into  the  chest  as  a  mysterious,  hut  ])ositi\e,  evil,  without  any  rational 
understanding  of  its  dangers  apart  from  the  mere  teachings  of 
experience. 

The  same  thought  is  suggested  by  the  peremptory  order  to  close 
immediately  a  "sucking  wound"  (traumatopnea)  of  the  chest,  which 
was  mandatory  along  the  whole  battle  front  in  France  as  the  first  aid 
treatment  to  be  applied  in  such  cases.  This  command  recalls  the  antiq- 
uity of  this  practice  which  was  attributed  to  Richerand  in  the  seven- 
teenth century,  and  later,  in  the  Napoleonic  wars,  to  Larrey.  But  the 
soundness  of  this  teaching  w^as  understood  long  before  them,  if  we  may 
trust  the  chronicles  of  the  medieval  surgeons  by  the  evidence  furnished 
in  the  old  Chirurgie  of  Guy  de  Chauliac  and  Maitre  Ambroise  Pare, 
who  insisted  that  in  penetrating  wounds  of  the  chest  the  first  step  to  be 
taken  was  to  seal  immediately  the  external  thoracic  opening  to  prevent 
the  further  entrance  of  air. 

This  return  to  the  ancient  practices,  however,  does  not  mean  a  retro- 
gression :  it  simply  means  that  the  teachings  and  practices  which  have 
alternately  prevailed  and  been  discarded  by  different  generations  have  all 
had  some  elements  of  truth  ingrained  in  them.  They  have  served  a 
useful  purpose,  but  have  often  fallen  into  disrepute  through  abuse  of 
application  and  erroneous  and  misguided  interpretations  because  the 
times  were  not  ripe  for  them.  So  we  find  that  the  practice  of  tapping 
and  aspirating  acute  empyemas,  or  treating  them  by  closed  drainage  has 
gone  through  many  vicissitudes,  and  after  periods  of  alternating  prestige 
and  decadence,  has  at  last  come  to  its  just  valuation  through  a  clearer 
and  more  enlightened  appreciation  of  its  precise  indications  and 
limitations. 

By  the  side  of  the  more  conservative  retrenchment  in  the  surgical 
interventions  which  characterized  the  antebellum  surgery  of  empyema, 
the  war  has  taught  us  a  lesson  in  the  opposite  direction ;  namely,  the 
possibility  of  controlling  a  bleeding  wound  in  the  lung  and  arresting 
a  recurrent  hemothorax  by  direct  ligation  or  suture  through  an  open 
thoracotomy,  with  far  greater  success  than  we  had  ever  dreamt  of. 
Again,  we  have  learned  the  advantage  and  practicability  of  forestalling 
the  dangers  of  intrathoracic  infections  before  these  have  had  time  to 
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become  established.  This  is  well  exeniplitied  by  the  success  which  has 
attended  the  application  of  the  principle  of  debridement  or  the  priniar\- 
surgical  cleansing  of  wounds — to  the  immediate  or  early  extraction  of 
contaminated  projectiles  whether  retained  in  the  lungs,  pleura,  mediasti- 
num, heart  or  pericardium.  But,  in  addition,  the  seeming  freedom  with 
which  the  chest  has  been  opened  with  total  disregard  of  the  once  dreaded 
pneimiothorax.  or,  as  Dr.  Meyer  would  put  it,  the  "acute  operative 
collapse  of  the  lungs,"  long  after  the  patient  has  recovered  from  the 
primary  effects  of  the  trauma  and  the  normal  relations  of  the  pleura 
have  been  restored,  is  most  impressive,  dranting  that  in  these  post- 
traumatic states  the  wounded  pleura  and  lung  have  been  prepared  for 
the  pneumothorax  which  follows  the  operative  procedure,  and  that  the 
conditions  are  not  identical  with  those  which  obtain  in  the  "virgin 
pleura"  or  in  the  patient  who  has  never  before  been  subjected  to  the 
shock  of  a  traumatizing  transpleural  operation,  it  is  none  the  less  true 
that  the  success  which  has  attended  the  intrathoracic  operations  of  the 
French,  and  the  allied  surgeons  who  have  followed  them,  has  opened 
a  new  chapter  in  the  military  surgery  of  the  chest  which  furnishes 
abundant  food  for  reflection. 

It  is,  indeed,  the  seeming  freedom  and  impunity  with  which  the 
military  surgeons  have  invaded  the  chest  and  manipulated  the  intra- 
thoracic organs  in  extracting  fragments  and  foreign  bodies  that  is, 
perhaps,  the  most  dramatic,  if  not  revolutionizing,  of  the  surgical  experi- 
ences of  the  war.  Here,  the  advance  of  modern  roentgenology  combined 
with  a  daring  operative  technic  has  threatened  to  make  a  clean  sweep — 
a  veritable  tabula  rasa — of  all  the  facts  and  theories  that  we  so  elabo- 
rately built  up  as  the  very  foundation  of  thoracic  surgery. 

It  is  upon  the  relations  of  this  military  experience  t(j  pneumotluirax 
and  its  influence  upon  civilian  practice,  which  were  so  admirably  pre- 
sented by  my  distinguished  predecessor  in  his  presidential  address,  that 
the  storm  center  of  controversy  has  raged  most  passionately  since  the 
unaided  "open  door"  policy  in  thoracic  surgery  has  been  loudly  pro- 
claimed as  the  surgical  doctrine  to  be  followed  by  the  ui)-to-date  surgeon. 
It  would  seem  incredible  that  such  an  absolute  and  flat  denial  of  all 
our  antebellum  experiences  in  the  surgery  of  the  thorax  could  be  pos- 
sible. It  does  not  seem  possible,  even  now.  that  all  the  facts,  all  the 
clinical  and  experimental  observations  which  had  been  so  laboriously 
gathered  from  remote  antiquity  to  the  embattled  years  following  the 
fated  .August  of  1914  were  all  an  illusion  and  a  mvth. 

HISTORICAL     REVIEW 

In  1898  and  1899,  nearly  a  quarter  of  a  century  ago,  I  was  im])ressed 
and  convinced  that  the  dangers  of  acute  pneumothorax  were  the  im]>edi- 
ment  and  bar  to  the  progress  of  thoracic  surgery.  I  then  wrote,  "Until 
the  dangers  of  seriously  interfering  with  the  resi)iratory   function,  by 


114  ARClIirES     OF    SURGERY 

indiKiiij;  iicute  collapse  of  the  lungs,  is  clearly  eliminated  or  reduced 
1(1  a  -~afe  minimum,  the  analogy  between  the  pleura  and  peritoneum  from 
the  surgical  point  of  view  will  never  exist." 

Under  the  stimulus  of  tliis  conviction  in  1898.  I  thought  and  labored  to 
overcome  this  seemingly  insurmountable  obstacle  to  the  advance  of  thoracic 
surgery.  Beginning  then  with  a  modification  of  the  Fell-O'Dwyer  intraglottic 
cannula  and  insufflating  bellows  which  permitted  the  simultaneous  administra- 
tion of  ether  vapor — this  simple  apparatus,  which  hitherto  had  been  used  exclu- 
sivelv  as  an  aid  to  artificial  respiration  in  the  treatment  of  asphyxia  from 
suffocating  gases,  drowning,  opium  narcosis  and  other  nonsurgical  conditions, 
was  then  transformed  into  positive  pressure  apparatus  and  adapted  to  the 
requirements  of  thoracic  operations.  But  I  had  no  favorable  opportunity  to 
try  this  apparatus  in  surgical  practice  on  human  beings.  None  the  less.  I  felt 
so  confident  of  its  value  and  in  the  principle  which  it  carried  with  it.  that  I 
made  "Pulmonary  Insufflation  with  a  Modified  Fell-O'Dwyer  Apparatus  in  Its 
Application  to  Intrathoracic  Surgery"  the  main  subject  of  my  address  as  chair- 
man of  the  surgical  section  of  the  Louisiana  State  Medical  Society,  in  May.  1898. 

Fortunately,  the  suggestion  then  made  fell  on  fertile  soil  and  within  a  year 
after  the  reading  of  this  paper,  my  friend  and  colleague.  Dr.  Parham.  had  . 
occasion  to  demonstrate  the  practicability  and  efticiency  of  the  apparatus  in  a 
very  difficult  but  successful  case  of  transpleural  resection  of  the  chest  wall 
for  sarcoma,  which  he  performed  at  the  Charity  Hospital  with  the  original 
Fell-O'Dwyer  apparatus  manipulated  by  Dr.  J.  D.  Bloom,  who  was  then  house 
surgeon,  and  who  was  most  skilful  in  its  application.  This  case  served  as  a 
text  for  Parham's  learned  and  exhaustive  monograph  on  "Thoracic  Resection 
of  Tumors  Growing  from  the  Bony  Wall  of  the  Chest."  which  has  since  remained 
one  of  the  outstanding  landmarks  in  the  literature  of  the  subject. 

Simple,  and  apparently  efficient,  as  the  modified  Fell-O'Dwyer  apparatus 
seemed  to  be  for  warding  off'  the  effect  of  collapse  of  the  lungs  in  intrapleural 
operations.  I  realized,  in  1898,  that  this  phase  of  thoracic  surgery  was  still  in 
its  infancy  and  that  the  clinical  application  of  intralaryngeal  insufflation  in 
thoracic  operations  was.  to  a  large  extent,  empiric,  and  justified  further  experi- 
mentation with  a  view  to  elevating  this  mode  of  treatment  to  a  higher  plane  of 
safety  and  scientific  accuracy.  I,  therefore,  planned  an  entirely  new  apparatus 
based  upon  the  pneumatic  pump  which,  after  the  construction  of  several  models 
and  many  trials,  finally  materialized  in  the  finished  working  model  which  I 
presented  to  the  American  Surgical  Association  in  ]\Iay,  1901.  In  making  this 
apparatus  I  had  the  collaboration  of  my  then  assistant  and  present  associate,  Dr. 
John  Smyth,  whose  early  training  as  a  mechanical  and  civil  engineer  proved  of 
inestimable  advantage,  hence,  it  is  still  catalogued  by  the  manufacturers  (McDer- 
niott  Surgical  Co.,  New  Orleans)  as  the  "Matas-Smyth  Pump"  for  artificial 
respiration  in  medical  and  surgical  practice.  I  need  not  detain  you  with  the 
details  of  the  appliance  which  has  been  fully  described  elsewhere.  Suffice  it  to 
say  that  with  the  aid  of  this  pump.  Dr.  Smyth  and  I  were  able  to  study  the 
effects  of  differential  pressure  by  direct  intralaryngeal  insufflation  on  the  lungs 
of  dogs  and  on  human  cadavers  with  an  accurate  gage  in  the  piston  stroke 
and  perfect  control  of  the  volume  of  air  injected  and  a  manometric  record  of 
the  plus  and  minus  variations  in  the  pulmonary  tract,  thus  permitting  us  to 
determine  with  accuracy  the  volume  of  air  required  to  obtain  inflation  of  the 
lung  in  open  pneumothorax  within  physiologic  limits:  we  then  confirmed  the 
observation    of    the   physiologists    Landois.    Donders    and    Hallion.    that    a    plus 


MATAS—AIDS     TO     KI-.SI'IRATIOS  115 

pressure  of  from  6  to  10  mm.  and  usually  of  8  mm.  Ug  was  quite  sufficient  to 
overcome  the  elastic  retractility  of  the  human  lung  when  collapsed  by  the 
admission  of  air  into  the  pleura.  We  also  determined  the  extent  of  the  trau- 
matizing or  pathologic  effects  on  the  lung  when  the  plus  pressure  was  carried 
to  excess  as  often  happened  when  the  bellows  were  used  in  the  closed  chest 
for  artificial  respiration  in  cases  of  asphyxia  from  suffocation,  drowning,  o-- 
opium  narcosis  and  other  nonsurgical  conditions. 

It  was  again  with  the  help  of  this  pump  that  in  1910  and  1911  witli  tht-  invalu- 
able collaboration  of  my  then  assistant  and  present  associate,  Dr.  t'.  W.  .Mltn. 
who  took  charge  of  the  laboratory  work,  we  were  able  to  coiuhict  an  extensive 
experimental  investigation  on  the  practicability  of  reducing  the  caliber  of  the 
thoracic  aorta  and  of  obliterating  its  lumen  by  plicating  or  infolding  its  walls  by 
means  of  a  parietal  suture  applied  in  two  or  more  stages.  The  object  of  these 
experiments  was  to  constrict  the  aorta  by  gradual  occhision  as  a  possible  cure  for 
thoracic  and  high  abdominal  aneurysms.  In  these  operations,  which  were  all  per- 
formed on  dogs,  the  thorax  was  opened  freely  in  the  fourth  left  interspace  by  a 
long  intercostal  incision  (Mikulicz-Spangaro)  which  was  enlarged  with  a  self- 
retaining  rib  spreader,  giving  a  clear  view  of  the  heart,  thoracic  aorta,  and  the 
roots  of  the  lungs,  making  sufficient  room  for  the  necessary  exi)osure  and 
manipulation  of  the  aorta. 

Through  this  large  opening,  air  at  once  entered  the  pleura  freely,  a  partial 
collapse  of  the  lung  following  the  pneumothorax ;  but  the  ventilation  of  the 
lung  was  kept  up  by  intralaryngeal  insufflation  through  a  soft  rubber  catheter 
in  the  trachea  introduced  by  the  glottic  route.  This  was  attached  to  the  pump 
which  also  supplied  the  anesthetic  vapor  and  furnished  the  supply  of  air  entering 
the  lung.  The  supply  of  air  was  regulated  to  a  nicety  with  the  pump  and  the 
effect  of  the  plus  (iressure  in  inflating  the  lung  was  made  visible  through  a 
large  opening  in  the  chest  as  well  as  by  the  manometer.  The  aortic  arch  was 
easily  isolated  and  brought  to  the  surface  by  a  tape  which  held  it  as  a  traction 
loop,  steadying  it  and  controlling  the  blood  stream  flowing  through  the  artery 
while  the  plicating  suturing  was  in  progress.  Before  this  was  attempted,  how- 
ever, the  effect  of  the  aortic  constriction  on  the  heart  caused  by  traction  on 
the  loop  was  carefully  studied,  as  the  behavior  of  the  heart  in  the  face  of  this 
obstruction  helped  to  determine  the  degree  of  constriction  in  the  aorta  that  the 
heart  could  tolerate  with  safety.  When  the  plication  bad  been  coinpletcd  and 
the  desired  constriction  obtained,  the  plus  pressure  in  the  pulmonary  tract  was 
increased  sufficiently  to  distend  the  lungs  and  obliterate  the  pleura,  after  which 
the  intercostal  incision  was  closed  hermetically. 

In  our  later  work  we  found  it  practicable  to  use  a  foot  bellows  attached  to 
the  intralaryngeal  catheter  for  ventilating  the  lungs  on  the  Meltzer-Auer  prin- 
ciple, as  we  could  watch  the  effect  of  the  air  pressure  on  the  lung  through  the 
open  window  in  the  chest  and  regulate  it  accordingly  without  the  need  of  an 
additional  assistant  to  record  the  excursions  of  the  inanomeler  or  adjust  the 
gage  on  the  pump. 

Without  entering  into  details  of  this  long  and  la1)orions  research.'  a  full 
report  of  which  was  published  in  the  Transactions  of  the  .American  Surgical 
.Association  for  1913,  as  these  would  be  irrelevcnt  to  the  purpose  of  the  present 
discussion.  1   would  merely  state  that,  as  a   result  of  our  experience."  the   free 


1.  This   research   lasted   from   May,   1910,  to   May,    I91.V   during   which   time 
151  dogs  were  used. 

2.  Matas.   Rudolph,  and  .Mien.  C.  W. :    .Ann.   Surg.  58:.W4    (Sept.)    1913. 
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opi-iiini;  (It  tho  lliurax,  which  was  made  iifcossary  for  the  safe  inaiiipulalion  of 
the  aorta,  was  not  attended  by  any  mortality  or  untoward  signs  or  symptoms 
due  to  pmnmothorax,  as  the  respiration  and  collapse  of  the  lung  was  always 
controlled  l)y  the  pump.  Postoperative  infection  of  the  pleura  did  occur  and 
proved  fatal  in  a  little  more  than  9  per  cent,  of  the  animals.  These  operations 
conclusively  deiiionstrated  to  our  minds  the  importance  of  keeping  up  the 
Miitil.itinii  of  the  lungs  and  emphasised  the  value  of  differential  jiressure  in 
restoring  the  normal  expai'ision  of  the  Umgs  at  tlie  close  of  the  operation  when 
the  persistence  of  pneumothorax  with  a  complete  or  partial  atelectasis  is  more 
likely  to  he  followed  by  profuse  serous  effusion  than  when  the  pleura  is  promptly 
tille<l  by  the  expanded  lung.  Whatever  may  be  said  of  the  tolerance  of  human 
lungs  to  acute  surgical  atelectasis  or  of  the  pleura  to  pneumothorax,  it  certainly 
cannot  be  denied  that  differential  pressure  is  an  obligate  adjunct  to  the  technic 
of  iiUratlioracic  operations  in  dogs,  for  in  these,  as  every  experimenter  knows. 
tile  freciueiu  intercommunication  of  the  pleurae  leads  to  a  bilateral  pneumo- 
thorax whicli  often  proves  fatal  at  the  very  outset  of  a  unilateral  thoracotomy. 

'I'lie  decade,  1900  to  1910,  witnes.sed  an  extra(ir<liiiary  awakeiiini; 
til  the  po.ssibilitie.s  of  thoracic  surgery  and  the  literature  teemed  with 
the  reports  of  new  inventions  and  devices  which  clustered  around  and 
about  tlie  two  opposite  priticiples  of  differential  pressure — the  one 
t\pified  hy  the  iiiiiiiis  pressure  chamber  of  Sauerbruch  (1904)  and  the 
other  bv  the  plus  pressure  apparatus  of  Brauer  (1904) — all  of  these 
finally  culminating  in  a  .single  and  highly  perfected  apjiaratus  which 
combined  botli  principles  and  could  alternately  apply  the  plus  nv  niiuns 
pressure  principle,  according  to  the  indications  in  any  particular  case. 
This  ingenious  apparatus  we  owe  to  Dr.  Meyer  ( 1909)  atid  to  his  con- 
stant and  untiring  efforts  to  attain  the  ideal  of  safety  in  iiilrathdracic 
interventions. 

Then  .Meltzer  and  Auer  (1909-1910)  came  a  little  later  to  startle 
u>  with  a  discovery  of  their  revolutionizing  principle  of  intratracheal 
ventilation  without  rhythmic  pulmonary  distention,  which  so  simplified 
the  technic  of  pulmonary  aeration  in  spite  of  the  bilateral  collapse  of 
the  lung,  that  we  felt  that  the  acme  of  simplicity  and  effectiveness  had 
been  reached  and  that  the  great  problem  of  surgical  pneumothorax 
had  been  at  last  solved  and  made  available  to  every  operating  surgeon. 
Those  of  us  who  had  labored  industriously  for  years  to  attain  what 
seemed  to  be  a  step  forward  in  the  advance  on  the  thorax  gloried  in 
these  achievements  which  were  no  longer  confined  to  the  narrow 
enclosure  (if  (he  animal  laboratory,  but  gave  proof  of  their  life  saving 
value  iti  the  bniader  arena  of  the  human  clinic  as  well. 

."^ucb  was  the  situation  in  thoracic  surgery  when  the  early  reports 
which  had  reached  us  from  the  seat  of  war,  at  the  end  of  1916.  in 
.succeeding  years  told  us  of  the  extraordinary  feats  that  were  going 
on  in  the  battle  front  in  France,  where  projectiles  of  all  sorts  were  being 
extracted   in   .n    wholesale   fashion   from   the   thoracic  organs  and   with 
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seeming  total  disregard  of  the  most  elementary  precautions  against 
pneumothorax  and  lung  collapse — and  yet  with  a  jjhenomeiial  and 
unheard-of  success.  The  story  of  this  extraordinary  achievement  as 
told  by  Pierre  Duval,  R.  LeFort,  Depage  and  their  many  associates 
and  colleagues  serving  in  the  French  battle  front,  and  more  recently 
bv  Sir  Berkeley  Moynihan.  for  the  British  surgeons,  is  too  familiar 
to  all  to  bear  repetition. 

It  was  only  last  year  at  the  New  Orleans  meeting  of  this  association 
that  Dr.  Meyer  in  his  presidential  address  on  the  "Fundamental  Princi- 
ples of  Thoracic  Surgery"  and  in  the  preceding  year,  at  the  Atlantic 
City  meeting,  and  in  other  i)ublications.  has  gone  over  this  question 
most  thoroughly,  and  with  Iiis  acknowledged  comjjetence  and  authority, 
has  shown  the  fallacy  of  accepting  as  final  the  conclusions  and  generali- 
zations based  upon  the  experience  on  a  single  phase  of  the  traumato!og\- 
of  the  thorax,  at  least  in  tlicir  ap]ilicatii>n  In  the  entire  domain  of 
thoracic  surgery. 

THE     PRESENT     ST.VTLS     OF     .MPKl)     .\M)     UNAIDED     TK.VNSIM.KIRAL 
Sl■R(;I■:K^■  :     a     CONTRnXERSV     AND     A     DISCISSION 

The  facts  and  the  arguments  presented  by  our  former  ]iresi(lent 
again.st  the  unqualified  and  indiscriminate  accejHance  of  the  ex])eriences 
of  the  war  in  regard  to  the  benignity  of  pneumothorax  and  the  su]ier- 
fluousness  and  uselessness  of  all  artificial  aids  to  counler.ui  ihe  perilous 
effects  of  acute  surgical  pneumothorax  (which  we  cannot  be  convinced 
are  imaginary  as  some  would  have  us  believe)  have  been  too  recently 
presented  and  are  too  familiar  to  all  the  members  of  this  association  to 
justify  their  repetition.  Suffice  it  to  say  that  I  would  regard  it  as  a  veri- 
table calamity  that  w^ould  befall  the  progress  of  thoracic  surgery  if  the 
experience  of  the  war  were  to  breed  a  contemj)t  or  indifference  for  the 
principles  and  the  methods  of  differential  pressure  in  warding  oft'  the 
perils  of  acute  pneumothorax,  or  if  the  old  practice  of  o|)en,  "unaided," 
transpleural  thoracotomy  were  accepted  as  a  generalization,  without 
reserve  or  very  specific  restrictions  and  limitations.  I  would  not  trespass 
upon  your  indulgence  by  any  further  reference  to  the  subject  upon 
which  most  of  us  have  settled  convictions  were  it  not  that  the  present 
status  of  the  "aided  and  unaided"  transpleural  surgery  of  the  thoracic 
organs  has  been  brought  to  a  very  pointed  issue  by  a  discussion  which 
took  place  at  the  Societe  de  chirurgie  of  Paris,  on  the  ninth  of  February 
of  the  present  year,  which  was  precipitated  by  a  paper  on  intrathoracic 
dermoids  by  MM.  Clerc  and  Pierre  Duval  in  whicli  tlie  latter  virtually 
threw  down  the  gauntlet  and  challenged  the  advocates  of  differential 
pressure  and  respiratory  aids  to  show  any  better,  or  as  good,  results 
as  he  had  obtained  by  the  unaided  transpleural  open  jjneumothorax 
method  without  artificial  help  of  any  kind,     lie  referred  to  the  aided 
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(lilTfi-ential  |ires^ure  nictluid  as  the  "( lernian  niethud"  and  the  unaided 
nietlidd  as  the  "rYench  niethcid.'"  '\\\  tliis  J  take  a  serious  exce])tion 
for  many  reasons  which  I  will  consider  later,  but  chiefly  because  the 
distinctions  which  he  wmild  establish  on  a  basis  of  nationality  rest  on 
erroneous  historic  premises  and  a  mistaken  conception  of  the  origin  of 
the  method  which  he  calls  "German.'" 

In  his  enthusiastic  advocacy  of  the  "unaided"  as  compared  with  the 
"aided"  or  "physiologic  methods,"  Duval  contrasts  the  condition  of  a 
patient  operated  upon  by  Garre  for  intrathoracic  dermoid  cyst  of  the 
mediastinum  in  l')14.  in  whom  the  tumor  was  removed  by  a  trans- 
pleural thoracotomy  under  diflferential  pressure,  with  the  Tiegel  appa- 
ratus, and  his  own  case  which  he  then  reported  to  the  society.  He  com- 
pares the  behavior  of  the  two  patients  during  and  after  the  operation; 
he  shows  that  the  pulse,  bliH)d  pressure,  and  respiration  were  far  less 
disturbed  in  his  patient,  upon  whom  he  operated  purposely  without  any 
respiratory  aids  whatsoever.  The  patient  operated  on  by  Garre  recov- 
ered after  a  stormy  and  protracted  convalescence  complicated  by  infec- 
tion and  suppuration,  the  wound  healing  only  after  the  end  of  four 
months,  leaving  a  hernia  of  the  lung  at  the  site  of  the  thoracotomy, 
while  the  wound  in  his  (Duval's)  patient  healed  by  first  intention 
without  leaving  a  perinanent  weakness  in  the  thoracic  wall.  Recovery 
had  taken  place  without  complication  except  for  a  serous  ef¥usion  of 
500  c.c,  which  had  yiekled  after  one  tapping,  with  the  patient  well 
enough  to  be  np  on  the  ninth  day. 

On  reading  the  details  of  these  two  cases  as  they  are  given  in  Duval's  own 
text,  it  is  not  quite  clear  how  he  arrives  at  the  conclusion  that  the  prompt 
healing  and  recovery  of  his  patient  and  the  protracted  convalescence  of  the 
other  are  in  any  manner  ascribable  to  the  fact  that  Duval  operated  on  his 
patient  without  artificial  aids  to  respiration  and  that  in  the  other  case  a  differ- 
ential pressure  appliance  was  used  to  counteract  the  effects  of  the  pneumothorax. 
There  is  no  real  analogy  or  parallel  that  can  be  fairly  established  between  the 
two  cases,  as  the  conditions  that  influenced  the  postoperative  course  in  both  had 
no  bearing  on  the  question  at  issue,  namely,  the  prophylaxis  of  pneumothorax. 
While  in  no  way  minimizing  or  detracting  from  the  brilliancy  of  results  obtained 
by  Duval  with  his  technic — a  merit  to  which  we  have  been  accustomed  by  his 
splendid  record  of  achievements  as  a  thoracic  surgeon  of  unsurpassed  experi- 
ence and  superior  skill — it  does  not  appear  that  in  drawing  a  parallel  between 
these  two  cases  he  has  been  fair  in  throwing  all  the  burden  of  reproach  for 
the  complications  and  protracted  convalescence  of  Carre's  case  on  the  principle 
and  the  method  of  differentia!  pressure  adopted  by  the  latter.  The  two  histories 
as  given  by  Duval  show  that  other  elements  quite  foreign  to  the  question  of 
pneumothorax  account  for  the  discrepancies  between  the  two  cases.  .\  brief 
.synopsis  of  the  main  facts  is  suflicient  to  show  that  the  two  operations  had 
only  two  features  in  common,  and  that  is  that  both  were  performed  for  medias- 
tinal dermoids  and  that  both  of  these  cysts  were  sufficiently  free  from  blended, 
dense  adhesions  to  vital  parts,  to  permit  of  their  complete  extirpation.  In  both 
the  pleurae  were  opened  wide.     In  Duval's  case  only  the  left  pleura ;  in  Carre's 
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both  right  and  left  pleurae  were  opened.  Carre's  patient,  ten  years  older  than 
Duval's,  had  suffered  from  dyspnea  for  six  years  before  the  operation,  pre- 
sumably from  the  encroachment  of  the  cyst  on  the  venae  cavae  and  right  side 
of  the  heart.  Duval's  patient  was  a  woman  who  had  only  recently  been  disturbed 
by  cardiac  palpitation,  but  who  was  otherwise  sound  and  in  good  health.  One 
was  a  right-sided  tumor,  the  other  left-sided.  In  Garre's  case  a  large  window, 
requiring  a  much  more  severe  operation — the  resection  of  four  ribs — was  made 
to  enable  the  cyst  to  be  extracted  whole.  In  Duval's  case  only  one  rib,  the 
fourth,  was  resected.  In  Garre's  case  the  mediastinal  cavity  and  the  extra- 
pleural space  were  tamponed  and  a  severe  infection  followed;  in  Duval's  case 
the  wound  was  sealed  hermetically  without  drainage  and  there  was  no  infection. 

The  lesson  that  we  gather  from  all  this  is  that  Duval  was  able  to  extract  a 
collapsed  cyst  through  one  open  pleura  (left)  without  accident  and  complete 
success  in  spite  of  his  total  disregard  of  the  pneumothorax — something  which  is 
fortunate,  as  it  is  not  ah<.'ays  that  the  pleura  is  opened  so  happily.  This  success, 
however,  does  not  detract  from  the  method  or  the  prudence  of  Carre,  who 
provided  against  the  accidental  opening  of  hnth  pleurae  (as  happened  in  his 
case)  by  operating  under  differential  pressure.  Furthermore,  there  is  no  evi- 
dence to  show  that  the  use  of  the  differential  pressure  apparatus  in  any  way 
complicated  or  contributed  to  the  gravity  of  the  operation. 

What  we  do  learn  from  Garre's  experience,  as  Professor  Quenu  remarked 
in  the  discussion,  is  that  danger  lurks  in  the  tampon  or  pack  when  left  in  the 
wound  of  a  transpleural  thoracotomy ;  and  the  brilliant  results  obtained  in  his 
(Duval)  case  are  due,  apart  from  his  skill  in  avoiding  accidents,  to  the  fortunate 
enucleability  of  the  cyst  and  a  freedom  from  dense  attachments  to  its  dangerous 
surroundings ;  to  his  economic  treatment  of  the  thoracic  skeleton  which  limited 
the  mutilation  to  the  extent  of  one  rib,  thus  creating  a  space  through  which  he  was 
able  to  extract  the  collapsed  cyst  with  a  minimum  of  trauma,  and,  finally,  what 
is  most  important,  that  he  was  able  to  close  the  wound  hermetically,  leaving  no 
pack  or  drain  to  contaminate  the  bed  of  the  cyst,  in  this  way  obtaining  a  primary 
healing  of  the  wound  and  an  escape  from  infection  which  was  the  chief  cause 
of  the  complications  in  Garre's  case.  In  other  words,  the  real  cause  of  the 
prompt  recovery  in  Duval's  case  is  not,  as  he  suggests,  due  to  the  fact  that  he 
did  not  use  a  differential  pressure  apparatus,  or,  to  his  delil)erate  disregard  of 
every  precaution  against  the  possible  dangers  of  acute  pueumothora.x.  but  to 
the  freedom  from  septic  complications,  and  the  minimal  trauma  which  his 
otherwise  excellent  technic  provided. 

While  it  would  not  seem  fair  to  judge  of  the  merits  of  the  two 
great  operative  principles  or  methods  tliat  have  heen  hrought  in  contrast 
on  the  basis  of  so  limited  an  experience,  esi)ecially  when  we  consider 
tiiat  so  many  confusing  elements,  wliich  are  foreign  to  the  question  of 
pneumothorax,  are  injected  into  tlie  problem,  we  cannot  overlook  the 
fact  that  Duval  has  only  seized  upon  this  case  as  a  text  for  a  renewal 
of  his  former  attacks  upon  the  aided  methods  of  transpleural  thorac- 
otomy. In  this  instance,  he  utilized  the  extirpation  of  an  intrathoracic 
dermoid  to  show  that  the  princijile  of  unaided  open  pneumothorax 
applies  to  the  nontraumatic  surgery  of  the  chest — as  this  case  exem- 
plified— as  well  as  to  the  purely  traumatic,  in  which  be  has  so  great 
an  experience  and  so  just  an  atitbority. 
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Coiuniciiting  on  a  recent  >taienient  of  Kiittner's,  in  a  chapter  on  the 
jirogress  of  thoracic  surgery,  in  the  well  known  "Operationslehre"  of 
l^ier,  Braun  and  Kummel  (li'iO).  "that  the  surgery  of  the  thoracic 
organs  has  made  great  progress  in  the  last  ten  years,  since  we  have 
learned  how  to  overcome  the  dangers  of  surgical  operative  pneumo- 
thorax." he  is  particularly  sensitive  to,  and  resents,  the  additional  com- 
ment (_)f  Kiittner  that  "French  surgeons  still  depend,  even  now,  upon 
progressive  (unaided)  pneumothorax,  in  their  largest  intrathoracic 
operations,"  and  practically  ignores  their  recent  contributions  with 
scarcely  a  notice,  though  Kiittner  adds  "that  their  (French)  results, 
however,  are  well  worthy  of  attention." 

Duval  says  that  Kiittner  merely  voices  the  general  ( ierman  sentiment 
in  criticizing  the  French  in  their  attitude  toward  operative  pneumothorax 
and  in  regarding  as  superflu<ius  all  measures  that  tend  to  prevent  the 
collapse  of  the  lung. 

Duval  objects  to  the  meth(.>d  of  differential  pressure  which  he  desig- 
nates as  "the  (ierman  method,"  saying  that  it  is  ctnnbersome,  compli- 
cated and  superfluous  though  it  ajijiears  to  be  very  scientific:  and 
he  opposes  to  it  the  simple,  open,  unaided  method  which  he 
designates  as  the  "I-'rench  method."  in  which  the  pneumothorax  is  dis- 
regarded and  lung  collapse  is  actually  invited.  He  affirms  that  artificial 
aids  to  respiration  are  superfluous,  that  unilateral  surgical  pneumo- 
thorax is  attended  with  no  special  risk  and  that  neither  the  heart  nor 
the  opposite  lung  is  disturbed  or  incommoded  by  the  acute  collapse 
of  the  lung  when  these  organs  are  normal  or  healthy,  etc. 

He  contends  that  the  latter  method  had  given  proof  of  its  safety 
and  efficiency  long  before  the  war  in  the  hands  of  the  French  surgeons 
Mazy,  W'alther,  Delornie,  Delageniere,  Marion,  Poirier,  and  others  too 
numerous  to  mention,  and  that  during  the  war  this  simple  method 
alone  had  made  possible  the  magnificent  achievements  in  thoracic  surg- 
ery which  had  been  accomplished  by  the  French  surgeons.  He  asks : 
"What  have  the  aided  methods  contributed  to  the  advancement  of 
thoracic  surgery  by  the  Germans  during  the  war?" 

"I  have  the  conviction,"  he  says,  "that  the  future  of  intrathoracic 
surgery  when  confined  to  one  half  of  the  chest  lies  in  the  open  unaided 
method  of  total  pneumothorax.  I  entertain  the  conviction  that  the 
best  state  of  the  lung  for  all  the  operations  that  may  be  performed  upon 
it  or  within  the  thorax  is  the  lung  in  the  collapsed  state.  The  collapsed 
lung  facilitates  infinitely  more  than  the  inflated  lung  (under  dififerential 
pressure)  the  manipulations  and  maneuvers  that  the  technic  may  require. 
The  distended  lung  is  in  the  way  of  the  operator,  it  even  tends  to 
herniate  in  the  wound ;  it  crowds  the  field,  and  it  displaces  and  almost 
ejects  out  of  the  thorax  all  the  means  of  protection  that  the  aseptic 
technic  requires." 
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In  ilie  discussion  that  followed  the  reading  of  Clcii-'s  and  Duval's, 
papers  there  was  a  quite  general  agreement  among  the  members 
of  the  society  who  participated,  that  unilateral  as  distinguished  from. 
bilateral  pneumothorax  was  a  relatively  safe  surgical  condition  in  the 
majority  of  the  cases.  They  believed  that  there  was  some  advantage 
in  dealing  with  the  collapsed  lung,  but  the  approval  of  M.  Duval's  total 
rejection  of  the  principle  and  method  of  differential  pressure,  espe- 
cially in  operations  which  might  involve  the  opening  of  both  jilenrae.. 
was  far  from  unanimous. 

For  instance,  Tuffier,  in  >peaking  of  the  e.xtirjjation  of  mediastinal 
dermoids,  said,  '"If  the  cyst  is  unilateral,  it  is  amenable,  as  any  other 
unilateral  intrathoracic  tumor,  to  a  transpleural  dissection  through  a 
tree  opening  in  the  pleura.  Thai  is  a  settled  (luestion,  a  res  adjudieata: 
but  it  would  be  an  exaggeration  and  even  an  error  to  suppress  or  con- 
demn in  an  absolute  fashion  all  the  apparatus  for  differential  pressure 
( baronarcose )  which  are  calculated  to  keep  up  the  respiration  when 
the  pleura  is  opened."  He  closed  by  saying  that  "in  the  immense  major- 
ity of  cases,  a  free  large  opening  of  the  pleura  is  the  best  method  of 
extirpation  and  intervention  on  the  lung  and  mediastinum  ;  but  in  certain 
exceptional  cases  in  which  there  is  risk  of  opening  the  two  pleurae. 
it  is  necessary  to  have  in  readiness  and  to  resort  to  differential  ])ressure. 
On  this  point.  I  protest  against  the  absohitism  of  Clerc's  and  Duval's 
conclusions." 

I  fear  I  have  trespassed  upon  your  indulgence  by  engaging  your 
attention  in  a  foreign  controversy  wliich,  notwithstanding  its  strictly 
scientific  character,  is  tinctured  with  some  of  the  acrimony  engendered 
!)V  the  bitterness  of  the  great  conflict  from  which  we  have  just  emerged. 
But  the  question  brought  up  by  M.  Duval  at  the  Societe  de  chirurgie 
i>  one  which,  as  M.  Tuffier  well  stated,  involves  the  whole  history  and 
development  of  intrathoracic  tran.spleural  surgery,  and  as  .such  rises 
above  all  personal  feelings  or  national  prejudices.  As  an  association 
organized  in  the  interest  of  thoracic  surgery,  it  concerns  us  directly 
and  vitally.  Therefore,  this  seeming  digression  is  justified  not  only 
because  of  its  bearings  upon  our  special  work,  but  because  it  is  our 
dutv  to  seek  the  truth  and  disentangle  it  as  dispassionately  as  possible 
from  the  mass  of  eircumfusa  that  encumber  it. 

To  begin  with,  M.  Duval  has  placed  the  methods  of  aided  respiration 
or  differential  pressure  in  opposition  to  the  "unaided."  by  designating 
the  former  as  the  "(ierman,"  and  the  latter,  as  the  "French,"  method. 
To  those  of  us.  who,  like  myself,  have  followed  assiduously  the  history 
of  thoracic  surgery,  before  and  since  what  might  well  be  called  its 
renascence  in  the  middle  nineties  and  who  have  been  nourished  and 
inspired  by  the  great  masters  of  French  surgical  thought,  this  distinc- 
tion would  -eem  mo?t  regrettable  and  unfortunate,  because  no  matter 


122  ARCnU'I-S    or    STRGERV 

lidw  niucli  tlic  experience  of  the  war  lia^  altered  the  eunviclidiis  of  M. 
Duval  and  his  associates  in  regard  to  the  \altie  of  the  aided  or  unaided 
methods  of  respiration  in  thoracic  surgery ,  he  can  scarcely  be  oblivious 
of  the  fact  that  the  methods  of  difterential  pressure  which  he  designates 
as  "(ierman"  had  their  origin  in  I-'rance  and  in  the  very  heart  of  the 
society  which  he  was  addressing.  A  cjuarter  of  a  century  has  elapsed 
since  Tuffier  and  Hallion  (November.  1896)  and  Quenu  and  Longuet 
(December,  1S96)  reported  the  results  of  their  independent,  but  con- 
temporaneous, exjierimental  investigation  of  the  methods  of  preventing 
ancl  counteracting  the  dangers  of  acute  surgical  pneumothorax  by 
creating  adhesions  and  especially  by  various  methods  of  differential 
pressure ;  but  I  vividly  remember  the  keen  interest  and  enthusiasm  then 
aroused  in  me  by  these  two  epochal  contributions.  They  were,  indeed, 
the  seed  from  which  germinated  the  budding  of  a  new  surgery  in  the 
decade  that  followed.  Tufifier  and  Hallion,  by  utilizing  the  physiologic 
methods  of  the  laboratory,  gave  us  an  illuminating  and  impressive  insight 
into  what  could  be  accomplished  in  the  exploration  and  treatment  of 
thoracic  lesions  by  maintaining  the  functions  of  the  lung  with  the  help 
of  plus  pressure  by  intralaryngeal  insufflation,  and  Quenu  and  Longuet 
formulated  the  principle  of  differential  pressure,  and  by  numerous 
experiments  with  compressed  air  as  a  continuous  plus  pressure  atmos- 
phere, zvitlwut  insufflation.  oj)ened  the  way  to  the  methods  of 
hypopressure  and  hyperpressure,  which  years  after  (1904-1906)  devel- 
oped into  the  atmospheric  plus  pressure  (head  chamber)  of  Brauer  and 
the  minus  pressure  (body)  chamber  of  Sauerbruch.  While  the  impor- 
tance of  these  methods  as  applied  to  dogs  has  been  denied  in  unilateral 
pneumothorax  in  man,  the  fact  remains  that  they  are  the  corner  stone  of 
the  foundation  upon  which  the  vast  superstructure  of  modern  intra- 
thoracic surgery  and  its  ancillary  branches  has  been  built.  And  this  fact 
is  fully  admitted  by  the  Germans  themselves.^ 

It  is,  therefore,  not  surprising  that  M.  TulTier  who  opened  the  dis- 
cussion should  have  protested  "against  the  absolutism  of  the  conclusions 
of  MM.  Clerc  and  Duval";  nor.  could  it  be  expected  that  M.  Quenu, 
who  had  contributed  so  largely  and  so  ably  to  illuminate  the  problems 
of  pneumothorax,  should  remain  silent  or  fail  to  remind  the  society  (as 
he  did  very  briefly  but  pointedly)  that  "the  idea  of  hyperpressure  and 
hypopressure  in  its  application  to  thoracic  surgery  was  born  here,  in 
France,  and  not  in  Germany,  and  Tufifier  and  I  conceived  it  at  the  same 
time." 

Furthermore,  it  would  also  seem  unfair  to  exclude,  by  the  specific 
label  "German,"  all  the  workers  of  other  nationalities  who  have  con- 
tributed so  laboriously  to  the  study  and  elaboration  of  this  originally 


3.  Garre,    C.    and    Quincke :     Surgery   of   tlie    Lungs,    Ed.   2,    Jeua.    Gustav 
Fischer,  1912. 
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French  conception  long  before  the  (lermans  took  it  up  on  their  own 
account  and  made  it,  with  their  characteristic  enterprise,  the  object  of 
their  special  culture.  1  must  confess  to  a  s])ecial  persotial  interest  in 
this  phase  of  the  question,  because  as  a  pioneer  worker  in  this  field  at 
a  time  (1897)  when  even  the  term  "ditterenlial  pressure"  had  not  yet 
found  its  application  in  the  surgical  vocabulary,  1  had  occasion  to  inquire 
into  "the  history  of  the  methods  of  intralaryngeal  insufflation  for  the 
relief  of  acute  surgical  pneumothorax."  .A.s  the  result  of  my  investi- 
gation, which  appeared  in  several  publications,^  I  learned  that  the  names 
of  Pean.  Tuffier  and  Ilallion.  Quenu  and  Longuet,  and  Doyen,  of  Paris; 
Lambotte  and  Wolliez,  of  Brussells,  and  H.  Milton  of  Cairo  stood 
foremost  in  the  list  of  historic  pioneers  who  first  conceived  and  applied 
the  idea  of  differential  pressure  for  the  relief  of  surgical  pneumothorax. 
Pean.  Lambotte.  Tuffier  and  Doyen  and  Milton  operated  on  the  human 
subject.  Apropos  of  Milton.  I  am  reminded  that  after  exi^erimenting 
successfully  on  goats  with  the  tracheal  insufflation  for  the  relief  of 
traumatic  pneumothorax,  he  operated  on  an  I'.gyptian  fellah  who  had 
extensive  tuberculosis  of  the  sternum  ;ind  mediastinal  glands.  He 
sawed  the  sternum  in  half  by  median  incision  and  by  spreading  the  two 
halves  obtained  a  wide  opening  of  the  mediastinal  space  which  permitted 
an  easy  exposure  and  manipulation  of  the  trachea  and  of  the  vessels 
at  the  root  of  the  heart,  the  innominate,  pericardium,  bronchi,  lungs 
and  pleurae.  This  operation  is  the  j)areiit  of  the  various  midsternal 
thoracotomies  of  which  the  Duval-P>arasty  "median  thoraco-abdominal- 
pericardiotomy"  which  I  described  at  the  New  Orleans  meeting  of  this 
association  in  July,  1920,  is  the  perfected  type.  Milton's  experiments  on 
the  goat  had  led  him  to  fear  the  dangers  of  pneumothora.x  and  for  this 
reason  he  performed  this  operation  ( for  the  first  time  in  human  surgery) 
under  the  protection  of  tracheal  insufflation  ( f^ltts  jjressure)  anesthesia, 
and  saved  his  patient.  Duval,  also,  by  his  notable  modification  of  this 
procedure,  succeeded,  in  1918,  in  extracting  a  moving  projectile  from 
the  inferior  vena  cava  at  its  junction  with  the  heart  and  thereby  achieved 
one  of  the  most  brilliant  and  unique  exploits  recorded  in  thoracic  sur- 
gery. He  did  not  resort  to  pulmonary  insufflation  or  differential  aids ; 
but  in  describing  his  operation,  he  ''  lays  stress  on  the  advantage  of  his 
mediosternal  section  over  the  lateral  transpleural  thoracotomies,  from 
the  fact  that  bv  a  median  incision  the  pleura  is  avoided,  proving  by  this 
that,  notwithstanding  his  confidence  in  the  transpleural  methods  which 
he  advocates  so  vigorously,  he  still  regards  pneumotltorax  as  an  unde- 
sirable complication  to  be  avoided  when  possible. 


4.  ^^atas.  Rudolph:  Tr.  Louisiana  State  M.  See.  May  10.  1898:  .Ann.  .Surg. 
29:409.  1899:  Intralaryngeal  Insufflation.  J.  .\.  M.  A.  34:1371  (June  2)  1900: 
on'd.  ibid.  34:1468  (June  9»  1900:  Tr.  .Xni.  Surg.  .\ssn..  May.  1901. 

5.  Duval.  P.:    Prcsse  mod.  26:4.V   (.\ug.  29)    1918. 


124  .INCHIIES     OF    SURGERY 

KESril'!Ai(ik\-     "Ains"     AND     MKTIHillS     (_1K     OVERCOMING     THE     EFFECTS 
(IF     COLLAPSE     OF     THE      LCXCS,     OREATLV     SIMPLIFIED 

Kesuniintj;  the  historical  phase  of  tliis  question,  we  find  that  if  we 
add  my  several  contributions  (1898-1901)  and  those  of  F.  W.  Parham 
and  J.  B.  Muqihy  (1898)  to  those  of  the  initial  period  in  the  history  of 
aided  trans])leural  surger}'.  as  American  contributions,  we  will  have 
grouped  together  a  series  of  closely  related  experimental  and  clinical 
facts  and  deductions  which,  ciriginating  in  France,  Belgium,  (ireat 
Britain  and  America  at  the  close  of  the  last  century,  gave  the  signal 
and  actual  ^tart  td  the  international  race  for  the  systematic  and 
scientific  in\asiiin  of  tlie  thorax  which  characterized  the  decade  that 
followed. 

It  was  not  until  1904  that  under  the  stimulus  and  encouragement 
of  Mikulicz,  who  was  then  especially  concerned  with  a  safe  mode  of 
approach  tn  the  thoracic  esophagus,  Sauerbruch  and  Brauer  indepen- 
dently inxented  their  plus  and  minus  appliances  based  upon  the  princi- 
ples of  difterential  atmospheric  pressure  as  distinguished  from  rhythmic 
pulni(inar\-  insufflation  which  had  been  utilized  by  the  pre\ious  operators, 
except  I'ean,  W'oUiez  and  Quenu,  up  to  that  time.  Coincidentally  with  the 
innovations  of  Sauerbruch  and  Brauer.  F.  Kulin  of  Cassel  (1904)  had 
elaborated  the  simple  method  of  direct  intralaryngeal  insufflation  which 
I  had  first  suggested  and  applied  in  New  Orleans  with  the  Fell-O'Dwyer 
apparatus,  in  1889.  In  this  way  three  distinct  methods  of  overcoming 
the  collapse  of  the  lungs  came  in  vogue,  which  led  to  a  great  variety  and 
complexity  of  apparatus.  These  multiplied  with  prodigious  rapidity  in 
(lermany  and  spread  thence  to  every  important  surgical  clinic  of  the 
wtirld.  Vou  are  too  familiar  with  the  history  of  this  great  movement, 
which  ;ii  one  time  overran  the  literature  with  its  feverish  activity,  to 
warrant  my  detaining  you  with  any  detailed  account  nf  its  progress. 
Suffice  it  to  say  that  in  an  endeavor  to  im])rove  and  perfect  these 
auxiliaries  to  respiration,  a  large  body  of  important  new  data  on  the 
mechanics,  physics,  physiology  and  anatomy  of  the  respiratory  organs 
and  function  rapidly  accumulated  whicli  li;ive  remained  as  enduring 
acquisitions  to  thoracic  surgery. 

While  Germany  was  the  greatest  center  of  activity  during  this 
period,  the  workers  of  other  nations  were  no  laggards  in  the  race.  In 
Belgium  the  original  laryngeal  intubation  and  insufflation  of  Lambotte, 
and  the  Spirophore  of  Wolliez  for  negative  pressure  (which  had  sug- 
gested the  negative  pressure  chamber  of  Sauerbruch)  were  succeeded 
by  the  apparatus  of  Mayer  and  Dannis,  while  Depage  and  Willems  were 
experimenting  with  this  and  other  models.  In  France,  Doyen  designed 
an  entirely  new  plus  pressure  apparatus  which  had  supplanted  his 
original   compound   bellows   of    1896.     Vidal   and   Pierre   Delbet    had 
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added  new  and  ingenious  plus  pressure  appliances,  while  Tuftier  was 
indefatigable  in  trying  and  comparing  the  most  im])oruint  foreign  models 
in  his  clinic  at  Beaujnn.  Debayre.  (josset  and  i  iuih.il  were  al-o  busy 
with  others,  discussing  the  pros  and  cons  of  the  new  metiinds.  In  the 
United  States,  where  every  new  thought  and  every  improvement  that 
mav  contribute  to  the  advancement  of  surgery  by  adding  to  the  safety 
of  its  methods  and  by  expanding  its  practical  usefulness  is  welcomed, 
many  progressive  surgeons  instantly  seized  with  avidity,  and  put  to  the 
test  of  experiment  and  actual  clinical  exjierience.  the  new  inventions 
which  had  found  a  practical  expression  in  Ciermany.  The  mere  mention  of 
the  names  of  Samuel  Robinson.  F.  T.  Murphy,  of  Boston,  Willy  Meyer. 
Xathan  Green.  H.  H.  Janeway.  Draper  Maury,  of  New  York,  Willard. 
Dorrance.  Babcock.  of  Philadelphia,  J.  B.  Murphy,  Chicago,  Crile  and 
Sollmann,  of  Cleveland,  Dudley  Tait,  of  San  Francisco,  and  Matas. 
Parhani.  Smyth  and  Allen,  of  New  Orleans,  recalled  at  this  moment, 
among  others  too  numerous  to  mention,  suffice  to  show  the  wide  interest 
felt  in  this  subject  throughout  the  country.  Many  here  present 
remember  the  memorable  symposium  on  surgical  pneumothorax  at  the 
meeting  of  the  surgical  section  of  the  American  Medical  Association  ;it 
Chicago,  1908,  at  which  I  had  the  honor  to  preside,  and  in  which 
Sauerbruch  himself  led  tlie  discussion  by  demonstrating  his  negative 
pressure  chamber,  with  J.  H.  Mur])hy.  Willy  Meyer,  Crile.  Samuel 
Robinson.  Creen,  Janeway,  and  Maviry.  as  prominent  partici])ants.  and 
can  tell  how  earnestly  and  liberally  the  surgeons  of  this  country  shared 
in  the  world-wide  interest  roused  by  this  new  ])hase  of  thoracic  surgery. 

But  in  1910,  a  new  note  was  heard  which  rose  out  of  this  great 
Inistle  of  activity,  when  Meltzer  and  Auer  by  their  experiments  at  the 
Rockefeller  Institute  demonstrated  the  simiiiicity  and  security  afforded 
by  their  new  principle  of  pulmonary  \entilation  by  continuous  intra- 
tracheal insufflation,  without  respiratory  movements  or  rhythmic  dilata- 
tion of  the  lungs.  Though  the  discovery  of  this  revolutionizing  principle 
had  been  foreshadowed  by  \'olhard  and  Kuhn  (1905)  in  Germany,  and 
Sollmann  and  Robinson  in  this  country  (  1907-1908),  the  demonstrations 
given  by  Meltzer,  Carrel  and  Elsberg  at  the  Rockefeller  Institute 
created  a  profound  impression  which  soon  echoed  all  over  the  surgical 
w..rld. 

lietween  1910  and  1''14,  the  literature  was  again  flooded  with 
descriptions  of  new  appliances,  apparatus,  experiments  and  discussions 
which  were  contributed  not  only  by  surgeons,  but  by  professional 
anesthetists  who  had  become  deeply  interested  in  the  anesthetic  side  of 
insufflation  as  a  part  of  tlieir  own  province.  Improved  models  and 
methods  for  meeting  the  double  requirements  of  anesthesia  and 
respiration  were  brought  out  by  Elsberg,  Boothby  and  Cotton,  Robinson, 


126  ARCnii'llS    Of    SURGERY 

Quiiiil))-.  Ehrenfried,  J.  R.  Rogers,  Pratt,  Gwathmey,  and  especially  by 
11.  II.  Janeway,  and  others  too  numerous  to  mention,  in  this  country 
alone.  These  inventions  gave  a  ])ermanenl  stability  to  the  principle  of 
differential  pressure  by  continuous  insufflation  and  greatly  simplified  and 
extended  its  application. 

With  the  advent  of  the  Meltzer  and  .Xiu-r  nietliod  in  I'MO.  it  may 
be  said  that  the  mechanical  ingenuity  and  inventiveness  which  had 
been  ])revionsly  displayed  in  develo])ing  the  expensive,  complex  and 
fixed  ajiparatus  of  the  so-called  cabinet  type,  began  to  lag  and  the 
technic  of  thoracic  surgery  entered  into  another  phase  in  which  pul- 
monary ventilation  with  compressed  air  or  oxygen  delivered  from 
bellows,  tanks,  or  by  electric  motors,  into  the  trachea  by  intralaryngeal 
or  nasopharyngeal  insufflation,  or.  more  often,  by  simple,  close  fitting 
masks,  rapidly  supplanted  the  more  complex  methods  of  differential 
pressure.  These  simple  portable  methods  which  Dr.  Robinson  has  so 
long  advocated  can  now  be  easily  made  a  part  of  any  of  the  several 
gas-ether-oxygen  sequence  anesthetic  outfits  that  are  in  common  use  in 
any  of  the  clinics  of  the  country  where  an  intrathoracic  transpleural 
operation,  such  as  we  have  in  view,  is  likely  to  be  undertaken. 

We  have  now  reached  a  stage  in  the  evolution  of  our  methods  of 
pneumothorax  prophylaxis  in  thoracic  surgery  against  which  the  objec- 
tions raised  by  M.  Duval  and  his  followers  are  no  longer  valid.  The 
nietliods  that  we  employ  today  are  not  complex,  cumbersome  or 
e.\pensi\e  ;  they  are  virtually  a  part  of  the  anesthetic  outfits  wherever 
a  modern  gas-ether-oxygen  sequence  apparatus  is  used,  which  is  almost 
equivalent  to  saying  that  it  is  an  adjunct  to  any  well  equi])ped  operating 
room  in  this  country.  And  the  argument  upon  which  .so  much  stress 
ha.s  Ijeen  laid,  that  these  aids  to  respiration  interfere  with  the  collapse 
of  the  lung,  a  condition  that  is  so  advantageous  for  the  operations  of 
intrathoracic  surgery,  no  longer  holds  good  in  the  presence  of  the  simple 
methods  of  tracheal,  or  intrapharyngeal,  aeration  in  which  the  lung  is 
held  practically  flat  and  still,  and  is  only  inflated  as  desired  at  the  close 
of  the  intervention  when  the  lung  is  allowed  to  fill  the  pleura." 


6.  Dr.  Howaril  Lilieiithal  of  New  York,  in  relating  his  experiences  with 
anesthesia  in  thoracic  surgery  in  tlie  war  zone,  at  the  Sjnnposium  of  the  Ameri- 
can .Association  of  .Anesthetists,  -Atlantic  City,  N.  J.,  June  9-10,  1919  (J.  A,  M.  A. 
73:444  [.Aug.  9]  1919),  relates  how  an  apparatus  of  elementary  simplicity  was 
improvised  by  which  ether  anesthesia  and  the  continuous  ventilation  of  the  lung 
could  be  maintained  by  providing  a  flow  of  air,  preferably  from  a  foot  bellows  to 
pass  through  an  ether  container,  in  varying  quantity,  to  be  carried  to  the  patient's 
pharyn.x  by  means  of  a  nasal  tube  or  catheter,  after  a  preliminary  ether  anesthesia 
in  the  usual  way.  ".At  first  it  was  doubted  that  endopharyngeal  insufflation  would 
suffice  for  intrathoracic  surgery:  Imt  it  was  soon  fmnid  that  the  amount  of  pres- 
sure that  could  be  maintained  within  the  pharyn.x  was  quite  sufficient  to  keep  the 
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And  now  that  we  have  disposed  of  these  collateral  ohjections  let  us 
take  up  the  real  question  at  issue:  Are  the  artificial  ai<ls  to  respiration 
in  acute  open  surgical  pneumothorax  really  necessary  or  advantageous 
as  a  measure  of  safety  and  protection  to  the  patient?  Are  the  fears  we 
have  entertained  and  the  accidents  against  which  we  have  labored  so 
intensely  and  industriously  in  the  last  quarter  of  a  century,  a  mere 
fancy,  an  illusion  and  a  myth?  The  mere  statement  of  such  a  question 
would  imi)ly  a  doubt  that  is  incompatible  with  the  accumulated  testimony 
of  succeeding  generations  of  surgeons  whose  records  of  catastrophes 
and  narrow  escapes  have  given  dramatic  tlirijls  to  so  many  episodes  in 
the  history  of  thoracic  surgery. 

Nor  is  such  a  sweeping  denial  of  the  value  of  the  mechanical  aids  to 
respiration  and  operative  pneumothorax,  as  has  been  indulged  in  by  the 
j)artisans  of  unaided  transpleural  surgery,  compatible  with  the  opinion 
that  the  dangers  and  accidents  that  lurk  in  the  pleura  are  imaginary  and 
chimerical  when  the  operations  are  limited  to  only  one  side  of  the  thorax. 

ICven  M.  Duval  has  rectified  his  position  by  admitting  in  a  later 
communication  that  in  every  thoracic  operation  that  risked  the  opening 
of  both  pleurae  differentia]  pressure  would  be  necessary.  This  admission 
-uggests  that  at  least  some  progress  has  been  accomplished  by  the 
methods  of  differential  pres.sure. 

The  controversy  is,  therefore,  limited  to  unilateral  pncuinolhorax 
which  he  contends  is  so  innocent  and  benign  in  its  effects  that  it  should 
he  considered  an  advantage  rather  than  a  complication.  Let  us  now 
inquire  into  this  benignity,  upon  which  the  disregard  of  all  respiratory 
aids  is  based  and  on  account  of  which  w-e  are  advised  to  return  to  the 
old  unguarded  methods  of  open  thoracotomy. 

In  1S"'8  Quenu  and  Longuet,"  after  an  alarming  personal  ex])erience 
in  thoracotomy,  carefully  investigated  the  phenomena  of  acute  pneumo- 


luiigs  in  any  state  of  inflation  desired.  This  was  the  method  ol  pharyngeal  insuffla- 
tion anesthesia  which  he  has  adopted  and  has  applied  so  successfully  in  his 
recent  and  notable  case  of  intrathoracic-transpleural  resection  for  carcinoma 
ot  the  esophagus  (  Proc.  .\m.  Surg.  Assn..  Toronto,  June.  1921).  In  my  thoracic 
practice  and  in  operations  of  the  face  and  mouth.  I  have  depended  for  some 
time  exclusively  upon  the  continuous  insufflation  of  the  pharynx  with  a  stream 
of  gas-oxygen  (with  or  without  ether)  delivered  under  regulated  pressure,  from 
the  tank  of  a  McKesson  (Toledo,  Ohio)  anesthesia  apparatus  in  the  hands  of 
my  expert  anesthetist.  Dr.  Caine.  In  many  thoracic  cases  a  tightly  fitting 
gas  mask  will  suffice,  hut  the  continuous  ventilation  of  the  pharynx  through  a 
nasal  catheter  is  so  simple  and  satisfactory  that  the  intratracheal  method  is  now 
rarely  used. 

7.  Quenu  and  Longuet:    Rev.  de  chir,  18:    1898. 
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tliorax  as  they  had  hueii  ohserved  in  transpleural  operations  for  the 
resection  of  tumors  of  the  thoracic  skeleton.  They  collected  and  tabulated 
all  the  available  cases  recorded  in  the  literature  and  classified  them  into 
three  grou|)s :  (1)  cases  marked  by  little  or  no  disturbance  when  the 
jilcura  was  opened;  (2)  cases  presenting  only  moderate  disturbances; 
( .1 )  cases  showing  quite  stormy  manifestations  and  threatening  life. 
This  classification  was  adopted  by  Parham  (1898).  who  added  his  own 
and  other  cases  to  the  list,  giving  one  allotment  of  sixteen  for  the  first 
group,  ten  to  the  second,  and  fifteen  to  the  third.  There  were  in  all 
forty-one  cases  in  which  operation  was  ])erfornied  and  in  which  more 
than  ()U  i)er  cent,  showed  some  symptoms,  of  which  36  per  cent,  were 
-ilanning  and  critical.  Gerulanos'  statistics  published  at  the  >ame  time 
(October,  1898)  yielded  the  same  conclusion  and  cmueyed  the  same 
impression  (nearly  31  per  cent,  of  alarming  cases).  .\.ll  but  Parham"s 
second  case,  in  which  respiratory  and  circulatory  disturbances  were 
promptly  relie\ed  by  insufflation  with  the  Fell-O'Dwyer  apparatus, 
were  unilateral  thoracotomies  performed  before  the  days  when  artificial 
pressure  or  res])iratory  aids  had  come  into  surgery.  These  thora- 
cotomies were  jierformed  in  the  atvpical  wav  required  by  parietal 
tumors,  and  intentionally  (jr  accidentally  caused  an  open  pneiunothorax 
with  complete  or  ])artial  collapse  of  the  lung.  The  technic  was  in  eftect, 
and.  so  far  as  the  pneumothora.x  was  concerned,  identical  with  the  free 
and  (i[)en  practice  which  iM.  Duval  designates  as  the  "French"  method, 
lint  which  in  reality  ha?  no  claim  to  any  national  distinction  since  it  was 
the  imly  procedure  available  to  surgeons  and  was  the  universal  practice, 
as  a  i)rocedure  of  necessity.  Yet  it  is  with  this  procedure,  beginning  in 
1818  with  the  classic  case  of  Richerand,  that  the  traditionally  evil  repu- 
tation of  operative  pneumothorax  with  the  collapse  of  the  nonadherent 
lung  is  so  tenaciously  associated.  And  it  is  in  this  type  of  unilateral 
pneumothorax  that  the  various  emergency  devices  f(ir  the  relief  of  the 
alarming  and  critical  manifestations  exhibited  by  innre  than  36  per 
cent,  of  these  cases  originated.  If  the  acute  colla[)se  of  the  lung  caused 
by  the  surgical  opening  of  the  pleura  is  so  benign  that  it  is  now  net 
only  disregarded,  but  is  actually  invited  (Duval,  Lel~ort  et  al.),  why 
have  so  many  operators  been  compelled  to  interrupt  hurriedly  their 
operations  by  immediately  closing  the  external  opening  with  the  first 
expedient  that  came  to  hand — the  operator's  hands,  a  towel,  gauze  packs, 
the  nearest  skin  or  muscle  flaps,  or  by  hermetically  suturing  the  wound  ? 
It  is  in  this  way  that  the  practice  of  making  traction  on  the  lung  and 
anchoring  it  to  the  opening  in  the  chest  to  obturate  it,  or  to  suture  it  to 
the  parietes  originated  and  for  which  the  picturesque  word  amarraye 
is  now  classical  in  French  texts,  and  the  more  pretentious  term  of 
costopneimiopexy  was  devised.  Again  others  in  similar  distress,  like 
W'itzel,  have  found  relief  in  filling  the  pleura  with  water  or  temporarily 
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sicaiUing  ilie  mediastinum  with  fiii(.'c|i>  imiil  tlie  pleura  cmild  l)e  closed. 
\\h\-  did  Lawson  and  Dcillinger  make  it  a  practice  to  create  a  pre- 
liminary "preparatory"  pneumotliorax  by  injecting  air  into  the  pleura 
on  the  eve  of  a  transpleural  thoracotomy  and  why  did  Tuffier  prefer 
an  cx/rapleural  decollcmcnt  in  order  to  excise  the  apex  of  a  tuberculous 
lung  so  many  years  ago,  and  how  did  the  arrierc  point  of  Roux  originate, 
and  so  many  other  means  and  measures  which  were  advocated  twenty- 
live  years  ago  to  create  adhesions?  The  fear  of  pneumothorax  limited 
Kazy's  early  attempts  at  exploration  (  1895)  to  an  opening  which  barely 
admitted  the  finger,  "bontonnicrc  c.vploratricc." 

Even  Delangeniere.  who  in  1902  advocated  the  exploration  of  the 
pleura  by  transpleural  thoracotom_\-  without  any  preliminary  precautions, 
was  very  cautious  in  advising  his  special  technic  which  would  allow  the 
gradual  entrance  of  air  and  which  provided  a  Hap  which  would  permit 
immediate  closure  of  the  opening  in  the  event  that  alarming  sym])toms 
should  occur  in  the  course  of  the  exploration.  And  now  we  are  told, 
in  complete  reversal  of  all  the  old  teachings,  that  the  larger  the  opening 
and  the  more  free  the  pneumothorax  the  safer  the  thoracotomy.  ( )f 
course,  it  will  be  said  that  all  this  is  ancient  history  and  that  the  great 
fear  of  the  pleura  is  analogous  to  that  dread  of  the  peritoneum  which 
for  so  many  centuries  barred  entrance  to  the  abdomen.  l>ut  the  analogy 
is  not  the  same,  for  when  the  aseptic  key  came  to  our  possession  the 
lock  of  the  abdomen  quickly  yielded  and  surrendered  all  its  mysteries ; 
but  asepsis  has  not  opened  the  gates  of  the  thorax  so  widely,  and  they 
still  creak  on  their  hinges  when  we  pry  them  ()])en.  While  admitting 
that  pneumothorax  is  by  no  means  the  only  im|)ediment  to  the  surgical 
mastery  of  the  thorax,  the  analogy  between  the  jileura  and  the  peri- 
toneum fails  in  the  presence  of  the  incontrovertible  testimony  of 
surgical  history  and  experience  that  in  a  certain  undetermined  per- 
centage of  transpleural  thoracotomies,  the  mere  act  of  opening  the 
pleura  followed  by  the  collapse  of  the  limg,  has  ])roved  profoundly 
disturbing  and  even  fatal.  No  one  denies  that  innimierable  transpleural 
thoracotomies  have  been,  and  are  being,  successfully  jjerformed  with 
the  lung  in  complete  collapse.  That  is  being  done  every  day  in  the 
routine  of  surgical  treatment  of  the  i)athologic  pleura  which  has  been 
immunized  by  preexisting  trauma,  infection  or  disease. 

Every  one  knows  that  a  large  percentage  of  patients  with  thoracic 
disturbances  that  come  to  us  for  o])eration  tolerate  intrapleural  and 
pulmonary  and  operative  procedures  with  relative  impunity  or  with  such 
transitory  disturbances  that  the  ])neumothorax  per  se  can  scarcely  be 
regarded  as  a  complication.  This  has  been  universally  admitted  even 
by  those  who  are  most  prominently  identified  with  tlie  advocacy  and 
practice   of    diflferential    pressure.      Eor    example,    ( Jarre,"    who    is    .so 


8.  Garre  and  Quincke.  Footnote  ^. 
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severely  criticized  l)y  Dinal,  >t;ilfs.  in  liis  "SurgerN-  uf  the  Lung," 
that  he  has  performed  the  greater  minihcr  (jf  liis  operations  on  the 
lung  without  any  auxiliary  ap]iaratus  and  reserves  the  artificial  appli- 
ances for  certain  operations  in  which,  apart  from  a  bilateral  invasion 
of  the  pleurae,  he  regards  them  as  indispensable.  There  is  quite  a  leap 
between  this  attitude  and  a  denial  of  all  risk  in  unilateral  pneumothorax. 
It  does  not  mean  that  the  normal  nonadherent  jjleura  can  be  opened 
freely  and  sufficiently  to  explore  thoroughly  and  manipulate  the  thoracic 
contents  with  impunity,  or  that  accidents  never  happen,  or,  that  when 
they  do  happen  it  is  so  rare  an  occurrence  that  they  may  be  regarded 
as  a  negligible  quantity  in  the  problem. 

M.  Duval  bases  his  changed  attitude  toward  difl'erenlial  pressure 
aid>  to  his  war  experience.  Indeed,  no  one  has  greater  reason  to  be 
proud  of  his  record  in  tlie  surgical  treatment  of  war  wounds  of 
the  che.st.  No  surgeon  who  has  read  his  fascinating  book  on  "The  War 
Wounds  of  the  Lung"  which  has  immortalized  the  achievements  of  the 
French  Auto-chirurgicale,  No.  21,  while  serving  with  the  allied  armies  at 
the  Somme,  can  fail  to  admire  the  daring  and  the  skill  which  he  displayed 
in  dealing  with  the  bleeding  wounds  of  the  lungs  and  in  the  extraction 
of  contaminated  projectiles  by  approaching  them  systematically  through 
a  free  and  open  thoracotomy.  Through  his  surgical  leadership,  French 
surgery  can  lie  credited  with  the  initiative  in  lifting  the  military 
surgery  of  the  lung  for  trauma,  from  the  bed  of  una])proachable 
exclusiveness.  in  which  it  had  been  lying  before  the  war,  to  a  ])lane  of 
actual  ])ractical  efficiency  which  had  lieen  denied  it  or  kindly  conceded 
before  this  tiiue." 

But  the  success  of  the  open  transpleural  operation  in  the  emergencies 
of  war,  when  applied  to  a  bleeding  lung  compressed  by  a  vast  hemo- 
thora.x  or  a  traumatic  ])neimiothorax,  does  not  necessarily  pro\'e  the 
benign  character  of  acute  pneumothorax  when  the  normal,  uninjured 
pleura  is  opened,  and  acute  collapse  of  the  lung  is  deliberalelv  induced 
as  a  preliminary  to  an  intrathoracic  operation.  Neither  does  the 
delayed  extraction  of  retained  projectiles  in  the  lung  or  mediastinum 
signify — no  matter  with  what  success  this  may  be  accomplished — that 
the  operation  is  without  risk  or  danger  from  the  collapse  per  se.  Fven 
here  we  find  that  the  experience  of  the  war  surgeons  was  divided  on 
the  importance  attached  to  the  free  opening  of  the  pleura.  Surely 
there  is  a  great  difference  in  this  regard  when  we  coni|)are  the  technic 


9.  To  visualize  the  traii.s formed  attitiule  of  surger\  toward  the  traumatisms 
of  tlie  chest,  compare  the  experiences  related  in  Duval's  "Surgery  of  the 
Lung"  (1918)  with  the  conservative  views  expressed,  with  characteristic  elo- 
quence, by  Reclus  at  the  French  Congress  of  .'^urger)  in  1893  (  Paget.  Stejihen  : 
Surgery  of  the  Chest,  1896,  p.  443). 
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lit  I'cltit  (le  LaN'illcoii  wlio.  througli  a  small  thoracic  incision  (barely 
large  enougii  to  admit  the  narrow  blades  of  a  forceps),  penetrates  the 
cliest  in  search  of  the  retained  missile,  and  that  of  the  operators  who 
attack  the  problem  througli  a  large  open  fenestra.  It  would  seem  that 
in  avoiding  an  open  pneiniiothorax  by  this  cautious  incision,  dc  I.a\  il- 
leon,  whose  experience  outclasses  in  numbers  and  success  all  other 
comjjetitors  in  this  field,  regarded  the  free  o])cning  of  the  pleura  as  an 
added  comjilication.  I'.ut  to  come  closer  to  the  present  discus.sion,  did 
not  ( )kinczyv:  slate  in  the  debate  at  the  Swiete  de  chirurgie,  following 
the  reading  of  Duvafs  ])aper,  that  while  he  recognized  the  "habitual 
innocuousness"  of  operative  pneumothorax  and  agreed  that  it  greatly 
simplified  intrathoracic  surgery,  as  he  had  ])racticed  it  during  liie  war. 
he,  nevertheless,  had  seen  very  serious  accidents  happen  which  be  diil 
not  attribute  to  the  entrance  of  air  into  the  pleura  but  to  a  reflex 
syncope  of  mediastinal  origin  which  followed  upon  contraction  of  the 
collapsed  lung.  .\  patient  died  under  his  eye  from  synco])e  at  the  very 
mtimeni  that  he  was  maneuvering  to  exteriorize  the  lung.  The  interjjre- 
tation  of  this  occurrence  would  have  seemed  doubtful  if  he  had  not 
seen  the  same  fatal  accident  occur  in  the  hands  of  one  of  his  assistants, 
in  two  other  cases,  and  at  the  jirecise  moment  when  traction  was  made 
on  the  lung  to  exteriorize  it. 

On  the  other  hand,  M.  Quenu  ])romptly  rose  to  disagree  with 
( )kinczyc  in  believing  that  syncopal  accidents  which  occur  after  the 
o])ening  of  the  pleura  are  due  solely  to  the  dis])lacement  and  traction 
of  the  lung.  "I  once  witnessed,"  he  .said,  "a  sudden  death  following  a 
simple  puncture  of  the  pleura  with  the  needle  of  the  Potain  a.spirator, 
by  a  colleague,  who,  by  mistake,  bad  injected  air  into  the  ])leural  cavity 
instead  of  aspirating  it." 

And  in  this  we  see  the  seeming  contradictions  of  ex])erience:  <  )n 
the  one  hand,  traction  on  the  collapsed  lung  has  been  long  held  as  one 
of  the  surest  ways  of  relieving  the  as])hyxial  and  syncopal  phenomena 
of  pneumothorax  ;  and  on  the  other,  instant  death  seems  to  have  followed 
this  ])rocedure.  Thus,  another  lesson  is  taught  to  the  profit  of  caution 
in  acce])ting  swee])ing  generalizations  based  on  the  contradictory  facts  of 
e.xpericnce. 

Those  who  entertain  any  doubts  a-  to  the  reality  of  the  accidents 
of  all  degrees  of  gravity,  including  many  deaths,  which  may  follow  the 
intentional  creation  of  an  artificial  ])neuiuotliorax  will  do  well  to  read  the 
recent  exhaustive  review  of  the  evidence  collected  by  Dr.  Karl  Schlaep- 
fer,'"  formerly  of  Zurich,  now  of  Baltimore.  While  this  essay  deals 
chiefly  with  the  accidents  which  follriw  the  induction  of  clo.sed  artificial 
pneumothorax  for  therapeutic  jHirposes,  the  nature  of  these  accidents 


10.  Schlaepfer.  Karl:    F.rRcUn.  <l.  Cliir.  n.  Orlliop.  14:   1921 
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and  the  manner  of  their  nccurrence  have  a  direct  bearint;  upcm  the 
utitdward  effects  tliat  ha\e  l)een  sd  frequently  observed  in  transpleural 
(il)eration>. 

\\  hat  we  have  learned  with  a  wider  and  increasing  thoracic  experi- 
ence in  the  last  twent\-  \ears,  and  especially  since  the  war,  is  that  the 
ntinil)er  of  ])atients  wlio  tolerate  intrathoracic  operations  with  relative 
inipunitv  is.  no  doubt,  greater  than  the  older  and  more  liniite<l 
experience  had  led  us  to  believe.  It  is  also  probable  that  the  impressions 
gathered  from  the  fatality  of  unilateral  pneumothorax  in  laboratorx- 
animals,  especially  dogs,  had  considerably  magnified  its  frequency  and 
importance  in  human  surgery.  But  these  conditions  and  concessions 
upon  which  we  all  agree  do  not  detract  from  the  indisputable  fact  that 
accidents  and  fatalities  do  occur  when  the  pleura  is  opened  in  man, 
whether  on  one  side  or  both.  \\'hate\'er  the  interpretation  of  these  may 
he,  whether  central,  reflex,  inhibitor)-,  or  due  to  the  instaljilit\'  (flutter) 
of  the  mediastinal  seiituni,  or  air  embolism,  it  matters  not.  The 
fact  remains  that  a  certain  undetermined,  and.  thus  far,  undelinable. 
percentage  of  the  patients  who  are  subjected  to  transpleural  operations 
are  susceptible  and  liable  to  untoward  and  dangerous  manifestations 
which  put  their  li\es  in  jeopardy.  .\s  our  distinguished  fellow.  Dr. 
Riibinson,  once  said  in  contrasting  the  (lifferent  susceptibilities  of  the 
dog  antl  rabljit  to  pneumothorax.  "\\  e  ne\'er  can  tell  when  we  are 
going  to  open  a  thorax  of  the  dog  or  of  the  rabbit  ty|)e  in  humati 
surgery." 

The  present  surgical  situation  in  the  thorax  m.av  lie  compared  to 
that  of  the  operator  who  faces  a  tumor  or  an  aneurysm  which  ma}' 
require  the  ligation  of  the  common  carotid  artery.  We  know  that  the 
large  majoritv  of  patients  sur\'i\e  without  serious  cerebral  accident  or 
none  at  all,  \et  we  also  know  that  in  a  certain  percentage,  say  10  jier 
cent.,  and  luore,  in  luature  life,  the  operation  will  prove  fatal  or  perma- 
nently disable  the  lirain ;  hence  our  solicitude  and  anxiety  to  test,  when- 
ever possible,  the  tolerance  of  the  brain  to  a  diminished  circulation,  bv  a 
])rovisional  or  tentative  occlusion  of  die  common  carotid  artery.  .\nd, 
in  a  similar  wav,  when  facing  an  open  transpleural  thoracotomy.  ne\er 
knowing  with  certainty  how  the  patient  will  behave  when  the  pleura 
is  opened,  why  should  we  not  anticipate  a  possible  emergenc\-  and 
protect  the  patient  liy  the  simple  means  of  respiratory  aid  that  are  now 
at   our  command  ? 

coxtxusioxs 

1.  In  view  of  the  contradictory  facts  of  clinical  ex])erience  and  the 
impossibility  of  jiredicting  in  any  case  what  the  pleiiropulmonary  reac- 
tions will  be  when  the  normal,  nonadherent  pleura  is  opened  and  the 
collapse  of  the  lung  takes  ])lace,  it  is  only  right  that  in  any  contemjjlated 
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intrathcinicic  (ii)(.'raticin  in  which  a  uiiilatiTal  or  hilatcral  ))ii(,'Uiiiiitiim-a.\ 
may  occur,  precautions  should  he  taken  to  forestall  the  accidents  that 
may  attend  this  condition. 

2.  The  difference  hetween  this  attitude  and  that  taken  hy  the  oppo- 
nents of  differential  pressure  or  aided  res])iration  is  that  they  believe  that 
there  is  only  risk  in  bilateral  jjneumothorax  and  none  whatever  in  the 
unilateral.  It  is  on  this  point  that  we  differ  and  take  issue  with  theni, 
becau.se  it  is  undeniable  that  in  a  certain,  but  undetermined,  percentage 
of  cases,  the  opening  of  one  ]ileura  may  be  attended  bv  alarming  or 
even  fatal  manifestations. 

3.  To  protect  the  patient  again>l  the^e  unknown  but  ])ossil)le  dangers, 
the  simplified  methods  of  plus  pressure  ventilation  of  the  lungs  on  the 
Meltzer-Auer  principle  are  the  safest  and  best  for  general  use.  Whether 
by  the  usual  anesthetic  face  mask,  by  intratracheal  intubation,  or,  ])ref- 
erably,  by  nasopharyngeal  catheterization  (the  simplest  and  safest 
method),  the  requirements  of  anesthesia  and  pulmonary  ventilation  are 
combined  in  the  gas-ether-oxygen  sequence  appliances,  now  in  current 
use  in  almost  every  surgical  clinic  of  this  countrv.  These  deliver  a 
steady  .stream  of  the  combined  or  simple  gases  under  a  regulated  jilus- 
pressure  sufficient  to  niainiain  the  res])iratory  function  of  the  lung 
during  anesthesia. 

4.  The  objections  on  the  score  of  ex])ense,  complexit\ ,  and  cuniber- 
sonieness  that  have  been  urged  against  respiratory  aids  in  thoracic 
surgery  are  no  longer  tenable,  nor  does  the  special  objection  to  "the 
inflated  lung"  as  an  obstacle  to  the  intrathoracic  technic  hold  good  in 
view  of  the  perfect  control,  at  the  present  time,  of  the  movements  of 
the  lung  and  of  the  maintenance  of  the  respiration  in  sjjite  of  the 
collapsed  state. 


THE     NEGATIVE     CHAMBER     TX     OPl'.X 
TNEUMOTHORAX 

A     PERSONAL     EXrEKIENCE  * 

WILLY     MKVER.     M.D. 
Attending  Surgeon  to   the  Lenox   Hill    Hospital 

NEW     YORK 

Open  pneumothorax  is  the  complete,  sudden  collapse  of  the 
lung  which  inevitably  occurs  when  an  operation  requires  the  wide 
o])ening  of  the  chest  wall,  in  the  absence  of  adhesions  between  visceral 
and  costal  or  diaphragmatic  pleura,  or  when  an  atteni]jt  is  made  to 
drain  the  chest  after  the  method  employed  in  other  parts  of  the  body. 

The  importance  of  preventing  this  physical  phenomenon  was  fully 
realized  by  Dr.  Matas  more  than  twenty  years  ago,  when,  as  one  of 
the  pioneers  in  the  field  of  thoracic  surgery  in  America,  he  had  his 
assistant.  Dr.  Parham  of  New  Orleans,  excise  a  tiinidr  of  the  chest  wall 
with  the  hel])  of  a  differential  pressure  apparatus,  the  Fell-O'Dwver 
cimiliinatidii,  as  modified  liy  Matas. 

Ever  since  that  time,  open  pneumothorax  has  been  a  topic  for 
discussion.  (  )ur  association  considered  it,  at  the  second  annual  meet- 
ing, in  1919,  when  the  president's  address,  which  dwelt  on  the  subject, 
was  followed  by  a  brief  discussion.  An  afternoon  devoted  to  the  sub- 
ject should  perha]is  enable  us  to  arrive  at  a  definite  understanding  of 
the  first  fundamental  principle  of  thoracic  sin-gery  which  it  contains. 

The  topic  will  be  reviewed  from  all  the  possible  angles,  it  seems  to 
me.  if  we  discuss  it  from  the  following  points  of  view:  (1)  the  physical 
aspects  of  open  pneumothorax;  (2)  the  dangers  for  the  patient  from 
open  pneumothorax ;  (  3  )  the  means  at  hand  for  avoiding  these  dangers  ; 
(4)  the  adxisability  or  inadvisability  of  ])erforming  thoracic  operations 
without  such  means. 

I  consider  the  first,  second  and  fourth  points  settled.' 

.\s  regards  the  first  point,  the  physical  aspects  of  open  pneumo- 
thorax, I  accept  as  correct  the  statement  that  the  dangerous  features 
of  the  open  pneumothorax — acute  collapse  of  the  lung — are  due  princi- 


*  Read  before  tlie  fourth  amuial  meotiny  of  tlie  .Xnierican  .Vssociation  for 
Thoracic   Surgery.   Boston,  June  6.   192L 
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pallv  III  the  unlialancing  of  the  inetHastiiniiii.  whiili  is  restored  ami 
rendered  harmless  by  the  ai)plication  of  differential  air  pressure. 

As  regards  the  second  point,  the  dangers  for  the  jjatient  from  o])en 
pneumothorax,  I  believe  them  to  be  real  dangers,  whether  occurring 
during  or  subsequent  to  the  operation.  Therefore,  the  surgeon  should, 
for  the  best  interests  of  the  jiatient.  be  jirepared  in  e\erv  instance  to 
avert  these  dangers. 

As  regards  the  fourth  point,  the  performance  of  thoracic  operations 
without  such  preparation,  I  believe  that  occasional  success  in  an  intra- 
thoracic operation  performed  with  no  special  apparatus,  and  the  work 
done  without  apparatus  by  many  of  our  colleagues  during  the  world 
war,  should  carry  neither  them  nor  us  away  in  our  deductions.  It  must 
be  emi)hasized  again  that  the  experience  gathered  during  the  war  was 
more  or  less  confined  to  the  traumatic  chapter  of  thoracic  surgery,  to 
what  in  times  of  peace  would  be  called  emergency  work.  The  patients 
of  our  colleagues  who  worked  at  and  beiiind  the  front  during  the  war 
almost  without  exception  represented  the  flower  of  the  manhood  of 
America  and  other  nations ;  young  men.  robust,  hardened  by  drill, 
trained  to  endure  hardship.  Even  these  selected  men  had  already  been 
culled  over,  the  most  severely  wounded  and  the  weaker  of  those  receiv- 
ing chest  wounds  having  died  on  the  battle  field.  About  50  per  cent, 
of  the  chest  cases  thus  drop]x.'(l  out,  and  the  remaining  50  per  cent, 
must  have  been  tolerant  of  the  open  (or  temjxirarily  closed)  hemo- 
pnemnothorax  alreadv  established,  when  thev  reached  the  hands  of 
the  surgeon. 

In  times  of  peace  it  is,  apart  from  accident,  mostly  the  weaker,  the 
enfeebled  human  l)eings  whom  we  are  called  on  to  save,  with  plenty 
of  time,  ordinarily,  for  careful  individualizing,  and  with  the  patient's 
.safety  as  the  primary  law. 

War  surgery  and  peace  surgery  of  tiie  thorax  appear  to  stand  apart 
in  their  attending  circumstances;  and  I  can  see  no  justification  for 
transferring  experience  from  one  to  the  otiier  without  the  most  pains- 
taking scrutiny.  In  peace,  every  case  of  intrathoracic  advance  calls 
for  careful  preparation.  Only  thus  can  danger  incurred  on  entering  a 
"virgin  pleura,"  a  pleural  cavity  without  any  adhesions,  as  well  as  the 
dangers  of  postoperative  acute  pneumothorax  in  ca.se  of  open  drainage 
be  met  with  prosi)ects  of  success. 

In  considering  the  means  at  hand  for  avoiding  the  dangers  con- 
nected with  open  jHieumothorax,  I  select  from  the  four  well-known, 
useful  methods  now  at  our  disposal  for  rendering  intrathoracic  surgery 
just  as  safe  as  surgical  work  in  any  other  part  of  the  body,  the  negative 
pressure  chamber.  It  was  the  negative  chamber  which  ushered  in  the 
skyrocket-like  advance  of  the  latest  and  la^l  cha])ter  of  ojierative  sur- 
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o^ery  ;  and,  Init  for  the  intfiisc  ami  frequent  careful  observation  of  the 
work  (lone  wilhin  the  nei,'au\e  chamber,  while  it  was  temporarily  in 
use  at  the  Rockefeller  Institute,  by  our  first  president,  Dr.  Meltzer,  he 
might  never,  or  perhaps  not  so  soon,  have  applied  his  ever-fertile  mind 
to  the  solving  of  the  problems  of  thoracic  surgery. 

I  feel  it  incumbent  on  myself  to  speak  here  of  the  negative  chamber, 
because,  to  my  regret,  the  Lenox  Hill  ( formerly  the  (ierman)  Hospital 
of  New  York  City  has  remained  the  only  hospital  in  America  that 
possesses  such  a  chamber,  and,  therefore,  practically  only  I  and  those 
who  have  worked  with  me  in  it,  can  report  experiences  in  its  use,  which 
I  shall  submit  to  you  briefly. 

The  negative  chamber  of  the  Lenox  Hill  Hospital  is  a  perfect  piece 
of  mechanism:  outside  of  a  few  dollars  for  the  renewal  of  a  rubber 
collar,  it  has  not  cost  one  cent  for  maintenance  or  repairs  during  the 
ten  years  of  its  existence.  It  is  in  every  way  as  perfect  today  as  it  was 
in  1911.  Owing  to  its  transformation  from  a  portable  experimental 
apparatus  into  a  stationary  structure  for  hospital  use,  it  was  not  feasible 
to  arrange  drainage  for  washing  it  down  with  a  hose  stream.  Asepsis 
in  the  chamber  has,  nevertheless,  always  been  perfect,  only  it  is  slightly 
more  troublesome  to  maintain  ;  but  this  is  a  feature  which,  if  we  had 
to  do  the  work  over  again  and  were  constructing  for  jiermanency  from 
the  start,  could  be  readily  eliminated. - 

On  occasion,  a  negative  chamber  was  discussed  of  round  instead 
of  the  present  rectangular  shape,  constructed  on  the  lines  of  a  large 
oil  tank,  the  hood  of  the  positive  cabinet  also  tank-shaped,  which 
accommodates  the  head  of  the  patient,  projecting  into  the  former, 
access  to  it  being  from  the  outside.  X'erbal  communication  between 
those  in  either  could  be  held,  as  now,  through  diaphragms  in  the  frame 
of  the  cabirtet.  Such  a  chamber  could  be  thoroughly  washed  down 
after  every  operation  and  the  remaining  moisture  evaporated  by  start- 
ing the  blowers.  The  price  could  probably  be  brought  down  consider- 
ably below  that  of  the  Lenox  Hill  Hospital  chamljer,  which,  being  a 
first  attempt  and  of  special  construction,  cannot  be  considered  a  cri- 
terion for  cost. 

Strange  to  say,  the  Lenox  Hill  Hospital  chamber,  neither  in  its 
experimental  nor  in  its  final  shape,  has  been  used  in  the  physiologic 
tests  for  which  it  was  planned ;  viz.,  to  ascertain  which  of  the  two 
pressures  is  best  for  sick  and  weak  persons,  the  negative  or  the  positive. 
\\'hen  it  was  ready  for  use,  there  was  immediately  such  a  flood  of 
surgical  questions  pressing  for  investigation  that  there  was  no  opjMr- 
tunity  for  taking  up  physiologic  problems.  Besides,  in  the  period  from 
1908  to  1911,  while  our  negati\e  pressure  chamber  was  i)assing  through 
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a  coiirsi'  of  ilc\  fl(ii)iiu'iit,  a  ra])i(lly  iiicrcasiiii;  nunilicr  nf  ])()siti\r  ])res- 
sure  nietliods  came  to  the  front,  and  as  these  devices  were  tested  and 
found  satisfactory  the  world  over,  the  urgency  of  physiologic  questions 
had  passed,  at  least  for  the  time  being.  Moreover,  these  devices  have 
certain  advantages  over  the  bulky  immovable  chamber :  they  can  be 
brought  into  tJie  general  operating  room,  or  to  the  bedside  of  the 
patient :  it  is  not  necessary  to  shift  the  whole  operating  organization 
of  surgeon,  staff  men  and  nurses  nor  the  patient  to  the  special  operating 
room  in  which  the  chamber  is  located.  These  considerations  became 
especially  important  when  the  effects  of  the  war  began  to  be  felt  in 
our  hospital,  as  in  others,  through  loss  of  nurses,  lack  of  applicants  and 
disruption  generally  of  the  regular  hospital  work.  I'Or  that  reason.  I 
have,  since  1916,  used  positive  ])ressure  a])])aratus  in  my  thoracic  work 
and  have  performed  the  operations  in  the  general  o])erating  room. 
Now,  with  peace  returned,  and  with  working  conditions  at  our  hospital 
graduallv  improxing.  it  is  ho])ed  that  wnvk  within  the  negative  chamber 
will  be  resumed. 

Here  I  want  to  make  a  brief  report  of  ])ersonal  work  done  in  the 
negative  chamber.  \\*e  have  operated  there,  from  May,  1911,  to 
December.  1913,  twenty  times,  on  patients  who  were  suffering  from 
various  types  of  thoracic  disease.  Fifteen  made  an  operative  recovery 
and  five  died,  three  from  twenty-four  to  forty-eight  hours  after  the 
operation,  and  two  on  the  operating  table,  one  of  the  latter  after  com- 
pletion of  the  o])eration. 

Seven  exploratory  thoracotomies  were  performed,  with  seven  operative 
recoveries ;  five  for  cancer  of  the  esophagus ;  one  for  an  organic  cicatricial 
stricture  of  the  cardia ;  one  for  a  diffuse  aortic  aneurysm,  which  extended  from 
the  arch  of  the  aorta  ahtiost  to  the  foramen  of  the  diaphragm. 

-Xdditional  exploratory  thoracotomy  was  performed  for  sarcoma  of  the 
upper  lobe  of  the  lung  in  one  case,  which  proved  inoperable  as  the  tumor  had 
transgressed  the  lung  proper  and  invaded  the  surrounding  muscular  area.  The 
temperature  rose,  and  the  patient  died  on  the  day  following  the  operation. 
Xecropsy   was  not  performed. 

Resection  of  the  manubrium  sterni  with  adjacent  rib  cartilages,  intended  as 
a  decompression,  was  performed,  in  a  case  of  far  advanced  mabgnant  tumor 
of  the  anterior  mediastinum.  When  the  operation  had  been  completed  and 
the  dressing  was  being  applied,  the  patient  died  suddenly.  On  looking  up  the 
literature.  I  found  that  Sauerbruch  lays  stress  on  the  use  of  positive  pressure 
in  all  cases  of  tracheal  compression. 

Thoracotomy  was  performed  in  a  case  of  bilateral  bronchiectasis  of  long 
duration  with  complete  pneumolysis  on  one  side.  Closure  was  followed  by 
recovery.    This  case  has  been  referred  to  in  the  text. 

Ligations  of  a  branch  of  the  pulmonary  artery  for  advanced  bronchiectasis 
was  performed  in  three  cases,  with  operative  recovery.  Attempt  at  excision 
of  the  right  upper  lobe  of  the  lung  for  an  abscess  of  long  standing  was  made 
in  one  case,  with  fatal  issue,  owing  to  a  profuse  arterial  hemorrhage  from  a 
mass  of  small  arteries,  on  loosening  the  firmly  adherent  lung.     .\  wrong  point 
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of  cleavage  had  been  entered  and  the  cndothoraeic  fascia  stripped  from  a  por- 
tion of  the  chest,  this  fascia  forming  an  absolute  unit  with  the  costal  pleura. 
Xecropsy  revealed  that  incision  of  the  abscess  with  drainage  would  have  been 
the  better  plan.  This  e-xperience  led  to  the  resolve  never  to  enter  the  thorax 
with  a  fixed  program — here,  lobectomy — but  to  be  guided  in  tlie  indication  for 
i)l)eration  li\'  the  direct  findings  in  the  given  case. 

In  one  case,  vagolysis  with  esophagoplication  of  the  supradiaphragmatic 
poucl\,   for  cardiospasm,   was   performed,   with    recovery. 

Cardioplasty  was  performed  later  on,  on  the  last  nieiuioned  patient, 
liy  means  of  longitudinal  incision  down  to  the  mucosa,  transverse  suture  and 
free  fascia  transplantation,  with  recovery. 

Resections  of  the  esophagus  for  cancer,  by  the  transthoracic  route,  were 
made  in  four  cases.  One  patient  died  on  the  table,  after  completion  of  the 
operation  ;  two  died  in  the  course  of  the  first  and  second  twenty-four  hours, 
respectively ;  one  patient,  in  whom  a  two-stage  operation  had  been  contemplated 
after  gastrostomy,  recovered  nicely  after  division  of  the  esophagus  below  the 
tumor  and  inversion  of  either  end,  the  chest  being  freely  drained,  with  the 
patient  remaining  under  differential  pressure  for  twenty  hours.  He  was  out 
of  bed  after  a  few  days.  Then  the  inversion  of  the  proximal  stump  gave  way, 
and  an  esophageal  fistula  developed.  He  died  a  few  weeks  later  as  a  result 
of  a  perforation  of  the  tumor  into  the  bronchus,  which  caused  septic  pneumonia. 

-Ml  tliesc  iipcTatioii^  were  transtliDracic,  with  the  exception  ut  one, 
and  were  done  prior  to  the  ad\ent  of  eso])hageal  resection  with  ante- 
thoracic  transposition  of  the  proximal  esophageal  stump,  and  prior  to 
the  introduction  of  airtight  postoperative  thoracic  drainage. 

This  re])ort  refers  only  to  operations  carried  out  within  the  negative 
chamber.  But  in  only  a  certain  percentage  of  patient.s  suffering  froin 
thoracic  lesions  operated  on  in  the  thoracic  pavilion  was  the  operation 
performed  in  the  chamber.  The  thoracic  pavilion  is  fitted  up  for  the 
tise  of  all  the  differential  pressure  methods,  and  thev  were  used  from 
the  .start  for  the  ])tirpose  of  determining  the  tvpe  of  a])parattis  best 
adapted  to  the  ca^e  in  liand. 

Many  (jf  the  cases  cited  lia\e  been  published  before  in  greater 
detail,  from  my  records,  and  from  the  official  records  of  our  liospital ; 
but  they  have  ne\er  Ijefore  been  published  collectively. 

I  feel  tliat  I  owe  this  report  of  my  work  in  the  negative  chamber 
not  only  to  myself  but  also  to  the  chamber,  and  above  all  to  tlie  man 
who,  as  an  assistant,  worked  it  out  in  theory  as  well  as  in  practice. 
Ferdinand  Sauerbruch.  The  reputation  of  the  chamber  should  not  be 
permitted  to  sttffer  because  of  its  use  at  a  time  when  we  did  not 
know  the  best  technic  in  the  many  ])roblems  of  thoracic  surgery,  and 
when  surgery  of  the  eso|)iiagus  was  in  the  very  beginning  of  its 
development.  Nor  should  it  suffer  any  longer  from  the  m\lh  tliat  all 
patients  operated  on  in  the  chamber  have  died  immediate!)-. 

We  have  had  deaths;  first,  because,  during  the  initial  years  of  our 
thoracic  work,  we  were  mere  tyros,  often  groping  in  the  dark  in  trying 
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to  solve  tilt"  teclmical  ])r(il)lciii  l)cfiire  us;  and  tlicn.  particularly,  l)ecause 
the  indications  were  often  poorly  interpreted.  Patients  with  far 
advanced  intrathoracic  disease  were  operated  on  radically,  in  cases  that 
we  would  not  think  of  subjecting  to  radical  work  today. 

I  further  wished  to  make  these  brief  statements  in  order  to  have 
at  last  apjjear  in  print,  if  only  in  ])art,  the  more  exhaustive  report  1 
made  before  the  clinical  society  of  our  hospital,  April  13,  1917.  entitled 
"The  Pavilion  for  Thoracic  Surgery  of  the  Cierman  Hospital."  It  gave 
a  syno])sis  of  all  the  cases  in  which  oj^eration  had  been  ]ierformed  at 
the  pavilion  up  to  that  time,  hut  could  not  be  made  ready  for  ])ul)lica- 
tion,  because  of  lack  of  time. 

There  are  colleagues  who,  for  various  reasons,  ablior  work  under 
the  unaccustomed  and  unusual  conditions  represented  in  the  negative 
chamber.  That  cannot  be  helped.  For  me.  thoracic  work  within  the 
chamber  always  had  a  peculiar  fascination.  I  am  antici|)ating  the  tlrst 
operation  that  will  be  performed  in  the  chamber  now  that  we  h.ive 
learned,  at  least  in  the  majority  of  intrathoracic  diseases,  how  to  pro- 
ceed in  the  given  case. 

For  a  wliile,  it  seemed  that  the  ijresent  status  of  esophageal  surgery, 
necessitating  operation  also  on  the  neck  (external  esophagotomy ) , 
would  permanently  exclude  the  use  of  the  chamber  in  this  class  of 
case,  on  account  of  the  rubber  collar  around  the  patient's  neck.  How- 
ever, a  slight  change  in  the  construction  of  the  hood  of  the  positive 
cabinet,  which  harbors  the  patient's  head,  and  a  combination  with  the 
modification  of  the  negative  chamber  proposed  by  K.  H.  Giertz  of 
Umea.  Sweden,  as  also  the  attack  on  the  esophagus  by  means  of  pos- 
terior mediastinotomy,  may  gradually  adapt  the  negative  chamber  again 
to  surgical  work  of  this  type. 

It  certainly  is  my  firm  belief  that  the  negative  chamber,  togetiier  with 
the  various  useful  ])ositive  pressure  apjiaratus  at  our  command,  has 
its  definite  place  in  every  well  conducted  hospital  desirous  of  doing 
intrathoracic  work  in  all  its  f'hascs.  and  always  placing  the  best  interests 
of  the  patient  in  the  first  line.  Some  lives,  otherwise  lost,  might  be 
saved  with  its  heli). 

Are  the  positive  ])ressure  a|)paratus  in  practice  really  just  as 
good,  just  as  safe  for  the  palicitt.  particularly  for  the  weak  and  reduced 
chronic  invalid  suffering  from  thoracic  disease?  In  1904.  the  (ierman 
Physiologic  Society  decided  in  favor  of  negative  pressure,  declaring 
it  to  be  the  most  physiologic  difi^erential  pressure  method  for  thoracic 
operations.    Davies  ^  says,  in  a  chapter  on  apparatus  for  the  control  of 
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open  i)nc-uniiitluirax,  "The  great  advantage  of  this  nielliod  [the  use 
of  tlie  hvpo-atniosplieric  i-hanil)er.  as  he  terms  it]  is  tiiat  not  only  tlie 
King  but  also  the  large  veins  of  the  chest  are  exjiosed  to  a  negative 
pressure  and  are  therefore  under  \ery  nearly  normal  physiological 
conditions."  I  shall  always  remember  the  words  of  a  medical  friend, 
from  whose  experience  and  advice  I  often  profited,  when,  in  the  nega- 
ti\e  chamber  and  in  his  presence,  I  jierformed  a  thoracotomy  on  a 
weak,  anemic  and  enfeebled  girl  with  a  bilateral  bronchiectasis,  that 
in  all  his  thoracic  work  he  had  never  before  seen  a  seriously  ill  patient 
stand  so  easily  and  so  plainly  without  deleterious  consequences  opera- 
tive work  within  the  chest. 

.\s  regards  the  elTect  of  ])ositi\e  pressure  on  the  circulation,  there 
can  lie  no  question  that  the  capillary  vessels  which  run  within  the  walls 
of  the  innumerable  alveoli  of  the  lung,  taking  care  of  the  ])roper 
exchange  of  gases,  are  somewhat  compressed  by  the  increased  air 
pressure,  produced  by  positive  pressure  apparatus  of  any  type,  viz., 
plus-pressure  cabinet,  mask,  intratracheal  and  intrapharyngeal  insuffla- 
tion:  and  that,  consequently,  the  right  side  of  the  heart  is  called  on  to 
do  extra  work,  and  hence  is  liable  to  acute  dilatation  during  or  after 
the  surgeon's  work. 

Of  course,  absolute  scientihc  proof  for  this  assumption  can  prob- 
ably not  be  given ;  but  logical  thinking  and  unbiased  reasoning  will  tell 
us  that  it  must  be  so.  For  that  reason,  in  order  to  give  the  heart  muscle 
a  brief  time  for  regaining  its  tonus,  surgeons  let  the  pressure  produced 
by  the  apparatus  often  drop  to  zero,  at  intervals,  in  the  course  of  a 
prolonged  thoracic  operation,  when  using  positive  pressure  apparatus. 
All  this  may  not  mean  much,  if  anything,  in  a  strong  patient;  however, 
in  the  chronic  invalid,  who  has  suffered  for  years  with  a  greatly  weak- 
ened, often  chronically  inflamed  heart  muscle  (chronic  myocarditis), 
it  may  mean  much. 

Another  point  which  deser\-es  mention  in  this  connection  with 
regard  to  weakened  patients  is  the  loss  of  liodv  heat,  a  fact  which  does 
not  have  to  be  reckoned  with  in  the  chamber,  where,  because  of  the 
electric  illumination,  a  uniformlv  ele\ated  temix;rature  can  be  obtained, 
in  spite  of  the  continuous  \entilation.  That  this  loss  of  body  heat 
represents  an  important  factor  in  thoracic  work,  in  which  so  large  an 
interior  surface  of  the  bodv  is  ex]iosed  to  the  liroad  access  of  the 
atmospheric  air,  has  been  pointed  out  by  many  authors. 

Looking  over  the  positive  pressure  apparatus  at  hand  with  reference 
to  anesthesia,  we  find  that  the  pressure  cabinet,  as  developed  within 
the  negative  chamber,  taking  care  of  the  patient's  head  and  affording 
the  anesthetist  access  to  trachea  and  esophagus,  enables  us  to  meet  all 
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emergencies  in  the  easiest  way.  Tiie  |)atient's  inDulii  is  tret-  and 
unobstructed ;  anesthesia  is  absolutely  the  same  as  in  any  otiier  (j])era- 
tion ;  operating  under  local  and  regional  anesthesia  is  feasible. 

( )n  the  other  hand,  when  the  mask  is  used  ( Tiegel,  Roljinson, 
(iwathmey),  a  vomiting  spell  of  the  patient  is  an  unwelcome  occur- 
rence ;  intratracheal  insufflation  requires  the  introduction  of  the  catheter 
with  the  jjatient  in  deep  general  anesthesia;  intra])haryngeal  insufflation 
also  requires  general  anesthesia  for  the  introduction  and  tem])()rary 
presence  of  the  nasal  tubes,  although  it  appears  plausible  that  repeated 
thorough  cocainization  might  abolish  the  reflexes  of  the  nasal  and 
jiliaryngeal  cavity,  thus  rendering  general  anesthesia  unnecessary. 

In  having  the  negative  chamber,  which  represents  a  large  i)leural 
cavity  in  the  true  sense  of  the  word,  we  are  pre])ared  to  meet  every 
contingency.  This  would  be  particularly  appreciated  by  surgeons 
working  in  hospitals  having  a  large  ambulance  service. 

In  these  times  of  frequent  motor  accidents  it  is  not  difficult  to 
imagine  a  case  of  severe  chest  injury  in  which  the  patient  might  be 
saved,  if  it  were  at  all  possible,  by  the  use  of  the  negative  chamber. 

.\  ])atient  who  has  been  run  over  by  an  automoljile  is  unconscious; 
.several  ribs  are  broken,  there  is  no  external  wound,  the  pleura  is  evi-  , 
dently  torn  from  within,  there  is  pronounced  anemia  due  to  acute  loss 
of  blood,  and  at  frequent  intervals  foamy  blood  is  brought  u])  through 
the  mouth,  exidently  from  the  ])leural  cavity,  which  is  filled  with  blood 
and  air.  At  the  neck,  there  is  distinct  emphysema.  In  addition,  there 
are  repeated  vomiting  spells  due  to  a  concussion  of  the  brain,  with  or 
without  a  skull  fracture.  The  patient  is  carried  into  the  chamber, 
placed  on  the  operating  table,  and  the  head  pushed  through  the  rubljer 
collar :  the  assistants,  nurses  and  instrumcntarium  are  ready :  the  doors 
are  closed,  and  the  pressure  is  turned  on.  and  any  emergency  can  be 
met  in  the  most  physiologic  and  gentle  way.  Ra])id  creation  of  the 
desired  difterential  jiressure  in  all  its  details  can  be  carried  out  by  a 
nurse  or  any  hospital  attendant :  a  specially  trained  medical  man  is 
not  required.  The  first  trained  man  on  hand  opens  the  chest,  sto])s  the 
hemorrhage,  sutures  the  torn  lung.  etc.  The  oxygen  tank,  several  of 
which  are  always  on  hand  in  the  anesthetist's  cabinet,  which  holds  also 
the  ])atient"s  head,  is  connected  with  a  proper  mask  put  loosely  over  the 
patient's  mouth,  allowing  additional  inhalation  of  oxygen  under  pres- 
sure. If.  in  spite  of  everything,  spontaneous  respiration  suddenly 
ceases,  the  mere  raising  and  lowering  of  a  lever  within  the  chamber 
will  instantaneously  effect  artificial  respiration,  which  will  be  thorough 
and  effective  as  long  as  the  glottis  is  not  closed  by  spasm.  Rhythmical 
distention  and  collapse  of  the  exposed  lung  will  tell  whether  the  access 
of  the  air  is  unobstructed.     Rut — to  continue  the  imaginary  case — it 
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appears  that  the  King  does  not  respond  to  the  pressure  changes  produced 
by  the  lever  movements.  Routine  compulsory  training  has  prepared 
the  members  of  the  house  staff  also  for  this  emergency.  An  (  I'Dwyer 
tube  is  quickly  introduced,  and  when  it  is  properly  in  place  the  artificial 
ventilation  of  the  lungs  continues,  oxygen  being  again  added,  and  if 
luck  favors  the  patient,  spontaneous  respiration  is  resumed  ;ind  the 
way  opened  for  ultimate  recovery. 

One  more  example:  A  patient  is  brought  in  with  a  wound  of  ihe 
heart.  To  my  mind  these  cases  in  our  large  hospitals  should  as  a  rule 
l>e  operated  on  under  differential  pressure,  and  if  it  is  at  all  feasiljle, 
under  regional  and  local  anesthesia.  Many  heart  wounds  are  compli- 
cated with  pleural  injury,  hemopneumothorax  being  present.  In  the 
course  of  the  exploration  of  the  heart,  the  pleural  wound  mav  lia\e  to 
be  enlarged  or  it  will  tear  further  at  the  site  of  the  rent.  The  sur- 
geon's worries  from  the  ensuing  complete  collapse  of  the  lung,  which 
may  determine  the  patient's  fate  if  not  counterbalanced,  surely  ought 
to  be  eliminated.  He  ought  to  have  ample  time  also  to  evacuate  and 
clean  the  pleural  cavity.  Employment  of  differential  i)ressure  will  do 
this,  and  the  mere  placing  of  the  jiatient  under  negative  pressure  will 
answer  the  purpose.  The  surgeon  then  can  leisurel\  attend  to  evacuat- 
ing and  cleansing  the  pleural  cavity,  and  take  such  ste])s  as  he  may 
deem  necessary  and  best  for  the  patient's  welfare. 

One  of  the  members  of  our  association  once  wrote  me  these  signifi- 
cant words:  "The  most  suitable  apparatus  is  one  that  can  be  used  by 
any  surgeon  in  any  case."  The  negative  chamber  certainly  belongs 
most  preeminently  to  that  type  of  apparatus. 

The  more  I  have  thought  about  the  negative  chamber — and  cer- 
tainly not  because  only  our  hospital  is  in  the  possession  of  the  appa- 
ratus— the  more  I  am  convinced  that  it  would  be  a  real  pity  if  our 
great  medical  institutions  of  learning  should  consider  the  chamber  an 
antiquated  piece  of  apparatus,  and  would  not  entertain  the  idea  of  its 
use,  because  it  is  more  cumbersome  and  more  expensive  than  other 
apparatus.  The  question  of  somewhat  greater  expense  and.  albeit, 
slight  inconvenience,  should  not  stand  in  the  way  of  our  doing  the  \ery 
best  for  our  patients. 

But  I  should  not  like  to  be  misunderstood.  I  do  not  mean  to  imply 
that  the  negative  chamber  should  take  first  place  among  the  four 
methods  of  differential  air  pressure,  nr  th;it  it  should  supersede  the 
others.  What  I  mean  to  say  is  that  it  should  have  its  place  among  the 
various  methods,  and  that  we,  in  order  to  be  properly  prepared  for  all 
emergencies  that  may  present  themselves,  cannot  well  afford  to  do 
without  the   negative   chamber.     If  the  hospitals   want   to  give  their 
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patients  suffering  from  thoracic  disease  the  l)eiieht  of  tlie  very  liest 
that  science  offers,  they  must  place  at  the  cHsiJosal  of  the  speciahsi  in 
thoracic  surgery  all  four  of  the  well-known  useful  apparatus,  so  he 
may  he  in  a  position  to  select  the  method  he  deems  hest,  the  method 
that  experience  has  taught  him  or  others  is  best  adajUed  for  the  case 
in  hand. 

Let  us  adapt  the  apparatus  to  the  patient,  and  not  the  jiatieni  to  the 
apjinratus. 


THE     VALUE     OF     X'ENTRICULOGRAMS     IN     THE 
LOCALIZATION     OF     INTRACRANIAL    LESIONS 

THREE     CASES     OF     OBSTRUCTIVE      HVDRCCEI'II  ALUS     AXD 
ONE    OF    BRAIN     TUMOR 

EDWARD     BANCROFT    TOWXE,     M.D. 
Assistant  Professor  of  Surgery,  Stanford  University  Medical  Scliuol 

SAN     KRAXCISrO 

In  1918  Dan(l\-  '  prcjini^cil  the  eniiilii\inent  of  roentgenograms  of 
air-filled  cerebral  ventricles  for  the  diflierentiation  of  the  types  of 
hydrocephalus  and  for  the  localization  of  brain  tumors,  lie  said,  "For 
the  first  time  we  have  a  means  of  diagnosing  internal  hydrocephalus  in 
the  early  stages.  .  .  .  Without  the  ventriculogram,  the  diagnosis 
is  frequently  guesswork ;  with  the  ventriculogram,  the  diagnosis  is 
absolute."  Dandy's  later  reports  have  confirmed  his  estimate  of  the 
value  of  the  ventriculogram  in  hydrocephalus,  and  he  -  has  reported 
two  cerebral  tumors  in  which  "there  was  no  sign  by  which  the  location 
of  the  tumors  was  even  suspected.  In  both,  the  ventriculograms  showed 
the  precise  location  of  the  growth."  Frazier's  ^  statement,  "Thus  far  it 
has  not  aided  me  in  establishing  the  location  of  a  growth  not  indicated 
by  other  signs,"  would  indicate  that  the  value  of  the  procedure  is  not 
yet  generally  appreciated. 

I  have  used  the  method  in  fciur  cases.  Three  were  dift'erent  types  of 
obstructive  internal  hydrocejjhalus  in  infants;  and  in  each,  the  site  of 
the  obstruction  was  demonstrated  by  the  ventriculogram.  One  of  these 
cases  is  an  example  of  the  rare  condition  of  obstructive  hydrocephalus 
of  one  lateral  ventricle.  In  the  fourth  case,  the  clinical  symptoms 
suggested  a  frontal  lobe  lunmr  ;  but  there  was  nothing  to  indicate  which 
hemisphere  was  involved.  The  ventriculogram  showed  that  it  lay  on 
the  left  side,  wliere  it  was  fdund  at  operation. 

REPORT     OF      CASES 
Case   1    (Disp.   No.   95803).— Ad^'anccd   hydrocctluiliis   due    to    occlusion    of 
the    foramina    of   Magcndic    and    l.uschka:    fonnation    of    a    )irii'   foramen    of 
Magendie:  death  fii'e  u-eeks  later:  no   necrofsy. 


1.  Dandy,  W.  E. :    Ventriculography  Fullnwing  the  Injection  of  Air  into  the 
Cerehral  Ventricles,  Ann.  Surg.  68:5  (July)   1918. 

2.  Dandy,    W.    E. :     Localization    or    Elimination    of    Cerehral    Tumors    hy 
\'entriculography,  Surg..  Gynec.  &  Ohst.  30:329  (April)   1920. 

3.  Frazier,  C.  H. :  The  Achievements  and  Limitations  of  Neurologic  Surgery. 
Arch.  Surg.  3:543  (Nov.)  1921. 
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History. — B..  a  girl,  aged  6  weeks,  was  admitted  to  Lane  Hospital.  May  16, 
1921.  She  was  a  first  child,  horn  normally  at  full  term.  She  was  next  seen  by 
the  physician  in  the  fifth  week,  when  she  showed  a  marked  enlargement  of  the 
head.  Dr.  G.  F.  Hclsley  of  I-'resno  saw  her  in  consultation  and  sent  her  to 
San  Francisco. 

E.i-aiiiiiiatioii. — The  child  weighed  4  200  gm.  The  occipitofrontal  circumfer- 
ence of  the  head  was  46.5  cm.  Near  the  anterior  end  of  the  posterior  fontanel 
could  be  felt  what  appeared  to  he  the  junction  of  the  lateral  and  superior 
longitudinal  sinuses.  The  optic  disks  were  white.  The  artiis  and  legs  were 
spastic  and  frequently  exhibited  short  tonic  .spasms.  Spinal  puncture  was 
performed  twice;  both  times  air  sucked  through  the  needle  when  the  child  cried, 
but  no  fluid  was  obtained.  Nine  hundred  c.c.  of  cerebrospinal  fluid  were 
aspirated  through  the  anterior  fontanel  and  replaced  by  the  same  amount  of 
air.  The  roentgenograms  showed  great  dilatation  of  the  lateral,  third  and  fourth 
ventricles,  with  marked  thinning  of  the  cortex.  The  lateral  sinus  crossed  the 
posterior  fontanel  4  cm.  anterior  to  the  upper  edge  of  the  occipital  bone,  and 
all  below  this  was  fourth  ventricle  (Fig.  1).  The  foramina  of  Magendie  and 
Luschka  were  occluded  so  that  fluid  could  not  pass  from  the  fourth  ventricle 
into  the  subarachnoid  spaces. 

Operation  (Towne). — May  21,  through  a  midline  incision  the  muscles  were 
separated  down  to  the  occipital  bone :  an  area  of  bone  was  removed,  and  the 
dura  was  opened.  Under  the  dura  and  not  adherent  to  it  was  the  paper-thin 
wall  of  the  cystic  fourth  ventricle.  This  was  opened,  allowing  the  head  to 
collapse  as  the  air  escaped.    The  dura,  muscle  and  skin  were  sutured. 

Postoperative  Course. — The  wound  healed  cleanly.  The  circumference  of 
the  head  was  45  cm..  May  27:  44.5  cm..  May  .31;  44  cm,  June  6.  and  43.5  cm., 
June  8.  when  the  child  was  discharged  from  the  hospital.  By  letters  from  the 
parents  it  was  learned  that  the  head  began  to  enlarge  again  about  ten  days 
after  discharge.  June  23,  the  circumference  was  50  cm.  Death  occurred, 
June  28,  following  a  series  of  convulsions.     There  was  no  necropsy. 

Dandy  *  has  pointed  out  the  treatment  for  this  type  of  hydro- 
cephalus. He  made  new  foramina  of  Magenche  for  two  adults  in  whom 
the  occlusion  was  due  to  meningitis,  and  both  were  cured.  In  his  one 
congenital  case,  the  patient,  an  infant  aged  3  months,  died  when  the 
cystic  fotirth  ventricle  was  opened.  The  operation  is  physiologically 
correct,  easily  performed,  and.  to  judge  from  my  case,  well  home  by 
the  infant.  The  diagnosis  was  made  too  late.  When  the  head  begins 
to  enlarge  the  cortex  is  already  markedly  thinned.  Earlier  than  this 
stage  the  diagnosis  may  be  suspected,  but  can  be  confirmed  only  by 
the  ventriculogram.  Operation  before  enlargement  of  the  head  offers 
a  prospect  of  recoverj-  without  serious  damage  to  the  optic  nerves  and 
cortex.  Lacking  postmortem  examination,  it  is  impossible  to  say 
whether  the  new  foramen  failed  to  function,  or  whether,  because  of 
a  pathologic  condition  in  the  subarachnoid  spaces,  an  obstructive  hydro- 
cephalus was  converted  into  a  communicating  hydrocephalus. 


4.  Dandy.  \V.  E. :  The  Diagnosis  and  Treattnent  of  Hydrocephalus  Due  to 
Occlusions  of  the  Forainina  of  Magendie  and  Lnschka.  Surg..  Gynec.  &  Obst. 
32:112  (Feb.)  1921. 
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In  tlic  ncxi  c;i>c.  1  \va>  .•i^--(n.'iatecl  with  Dr.  P.  K.  (lilnian.  tcj  whom 
1  am  iiidelilt'il  fur  permi.s^idii  tn  u>e  the  case  in  this  re[)ort. 

Case  2  (Hosp.  No.  2S0()3 ).— .-i./i'.iii.Ti/  liydroccflnilus  ilia-  to  occlusion  of  the 
aqueduct  of  Syh'ius  not  cured  by  the  foniuition  of  a  nezr  aqueduct:  extirpation 
of  a  choroid  [>le.vux :  dealli :  no  necro/'sy. 

History. — M.  M..  a  sirl.  aged  8  weeks,  was  admitted  iu  Lane  Hospital,  July 
S,  1921.  She  was  the  first  child  of  a  33  year  old  mother,  and  was  delivered  by 
cesarean  section  because  of  hydrocephalus.  From  the  sixth  to  the  twentieth 
day  tlie  circumference  of  the  head  remained  stationary  at  A\  cm.  Beginning 
the  sixth  week  the  head  enlarged  rapidly. 


Fig.  1  {Case  1  ). — Occlusion  of  foramina  of  Magendie  and  Luschka  :  a.  fourth 
ventricle :  b,  tentorium  cerebelli ;  e.  third  and  lateral  ventricles ;  lateral  pro- 
jection with  horizontal  ray;  face  down. 


Examination. — The  child  weighed  5,401)  gm.  The  occipitofrontal  circum- 
ference of  the  head  was  53  cm.  The  optic  disks  were  wliite.  There  was  an 
abnormality  of  the  left  great  toe.  shown  by  the  roentgen  ray  to  be  due 
to  absence  of  both  phalanges.  .^  half  hour  after  injection  of  1  c.c.  of  indigo- 
carmin  into  a  lateral  ventricle,  spinal  puncture  gave  colorless  fluid  which 
dropped  slowly  and  stopped  when  5  c.c.  had  been  collected.  Fifteen  hundred  c.c. 
of  fluid  were  aspirated  from  the  ventricle  and  replaced  by  the  same  amount  of 
air.  The  roentgen  ray  disclosed  an  extreme  degree  of  brain  destruction  with 
air  in  the  lateral  and  third  ventricles,  but  with  none  in  the  fourth  ventricle 
(Fig.  2).  The  aqueduct  of  Sylvius  was  occluded  so  that  fluid  could  not  pass 
from  the  third  to  the  fourth  ventricle. 
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First  Opcralion  (Gilmaiil. — July  12,  the  occipital  muscles  wore  separated  in 
midline:  an  area  of  bone  including  the  posterior  half  of  the  foramen  maniinm 
was  removed,  and  the  dnra  was  opened.  The  vermis  was  divided  in  midline 
to  expose  the  floor  of  the  fourth  ventricle.  A  probe  was  thrust  through  into  the 
third  ventricle,  and  a  fenestrated  rubber  catheter  was  placed  in  the  new 
aqueduct.  The  posterior  end  of  the  catheter  was  sutured  to  the  dura,  and 
tlie  wound  was  closed. 

Postoperative  Course. — There  was  a  very  severe  reaction  and  the  cliild's 
condition  was  precarious  for  several  days.  By  percussion  of  the  head  the 
reaccuniulation  of  fluid  could  be  followed.  Roentgenograms  taken,  July  18. 
showed    tliat    the    lirad    was    alotit    lialf    full,    ami    indicated    that    the   tube    was 


Fig.  2   (Case  2). — Occlusion  of  aquedi 
vertical  rav. 


•  ;  lateral  projection  with 


functioning,  if  at  all.  only  through  the  eye  at  the  end  (Fig.  3).  August  1.  the 
tube  was  removed.  Measurements  from  .August  -4  to  7  showed  that  the  cir- 
cumference of  the  head  was  increasing  at  the  rate  of  1  cm.  a  day.  August  1,?, 
spinal  puncture  gave  IS  c.c.  of  fluid. 

Second  Oferatioii  (Oilman). — .August  IS.  the  chf)roid  plexus  of  the  left 
lateral  ventricle  was  removed.  The  child  died  three  hours  later.  Xtcropsy 
was  not  obtained. 

In  this  case  there  was  little  jKissihility  of  a  favoraljle  outcome,  for. 
even  if  treatment  hafl  l)een  undertaken  immediately  after  birth,  the 
cortex  was  then  badlv  damaged.     With  the  diagnosis  made,  the  parent^ 
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insisifd  llial  an  attempt  be  made  to  relieve  the  cnnditidii.  The  point 
(if  iih>i luetic m  was  attacked,  but  eitiier  the  new  a(|ueduct  (Hd  not  func- 
liun  or  tlie  tluid  could  not  be  cared  for  in  tlie  subarachnoid  spaces. 
Dand)-  •  has  shown  that  this  operation  is  successful  in  a  less  advanced 
case:  one  of  his  patients  was  alive  and  apparently  normal  a  year  after- 
ward. The  second  intervention  was  undertaken  on  the  theory  that, 
fluid  having  flown  quite   freelv  by  spinal   ])uncture,  the  new  aqueduct 


Fig.   .1    (Ca.se  2). — ,-/,  catheter    ( retoiiclied)    in   tlie    ree.stablished   aqueduct   of 
Sylvius;   lateral   projection   with   liorizontal    ray;    occiput   down. 


was  probably  functioning  and  we  were  dealing  with  a  communicating 
hvdrocephalus.  Lhifortunately,  this  question  was  not  settled  by  dye 
injection,  further  ventriculograms  or  necropsy. 

Case  3  (Disp.  No.  '■)b()^0).—Obslniclivc  liydnHCplialus  oj  the  nglil  lateral 
ventricle:  extirpation  of  ehorokl  plexns :  death:  necropsy:  i/lioina  of  the  left 
cerebral  hemisphere. 


5.  Dandy,  \V.  K.  :  The  Diagnnsis  and  Treatment  of  Hydrocephalus  Result- 
ing fmm  .Strictures  of  the  .\i|ueduct  of  Sylvius.  Surg.,  (iynec.  &  Olist.  31:,?40 
(Oct.)   1920. 
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History. — \V.  C.  a  boy.  aged  6  weeks,  was  adniided  to  llie  pediatrics  service 
of  Dr.  H.  K.  Falicr  in  Lane  Hospital,  .\uk.  8.  1921.  He  was  the  third  child, 
bom  normally  at  full  term.  On  the  tenth  day  the  mother  thought  that  the 
fontanels  were  wider  than  at  birth.  On  the  fourteenth  day  the  left  side  of  the 
face  began  to  twitch ;  and  this  occurred  frequently  for  about  two  weeks.  There 
was  rapid  enlargement  of  the  head  during  the  ten  days  before  admission. 

£.i-(imiii(i/ioii. — The  child  weighed  5,290  gm.  The  occipitofrontal  circum- 
ference of  the  head  was  46.5  cm.  The  optic  disks  were  white.  The  arins  and 
legs  were  slightly  spastic  and  the  left  tendon  reflexes  were  sharper  tlian  the 
right.  A  hypodermic  needle  was  introduced  througli  the  left  angle  of  the 
anterior  fontanel ;  a  small  amount  of  cerebrospinal  fluid  was  aspirated  and 
1  c.c.  of  indigocarmin  was  injected  at  that  point.  Twenty-five  minutes  later, 
spinal   puncture  gave  a  few  cubic  centimeters  of  uncolorcd   fluid   that  dropped 


Fig.   4    (Case   3 1. — .Asyiumetrical    enlargement    of    the    anterior    fontanel. 


slowly.  A  spinal  puncture  needle  was  passed  through  the  left  angle  of  the 
fontanel  to  a  depth  of  4  cm.;  but  no  fluid  was  obtained.  It  was  then  observed 
that  the  fontanel  was  enlarged  to  the  right  more  than  to  the  left  (Fig.  4).  The 
needle  was  introduced  through  the  right  angle  of  the  fontanel,  and  500  c.c. 
of  colorless  fluid  were  removed  and  replaced  by  the  same  amount  tif  air. 
The  lateral  projections  were  vertical  and  horizontal  rays  revealed  dilata- 
tion of  one  or  both  lateral  ventricles.  The  anteroposterior  projection  with  the 
horizontal  ray  demonstrated  that  the  right  lateral  ventricle  was  tremendously 
enlarged  and  incompletely  filled  with  air,  and  that  no  air  had  passed  into  the 
left  lateral  ventricle  (Figs.  5  and  6).  The  preoperative  diagnosis  was  hydro- 
cephalus of  the  right  lateral  ventricle  resulting  from  occlusion  of  the  foramen 
of  Monro. 

Ofcralion  (Towne).— .August  17.  the  choroid  plexus  of  the  right  lateral 
ventricle  was  e.xtirpated.  Though  practically  no  blood  was  lost,  the  child  went 
into  collapse  when  the  ventricle  was  opened  and  died  two  h<iurs  later. 
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Xccrot>s\\ — The  brain  was  placet!  in  liquor  formaldehydi ;  after  fixation,  the 
right  lateral  ventricle  was  filled  with  gelatin.  The  right  cerebral  hemis|)hcre  was 
three  or  four  times  larger  than  the  left  (Fig.  7).  Three  transverse  sections  were 
made  and  the  ventricles  and  interventricular  passages  were  dissected.  The 
gelatin  mass  was  in  the  right  lateral  and  third  ventricles.  The  left  lateral 
ventricle  was  collapsed  and  displaced  posteriorly  by  a  large  infiltrating  tumor 
of  the  left  cerebral  hemisphere.  At  Level  .5  (frontal)  the  tumor  was  degen- 
erated (Fig.  8).  At  Level  2  (parietal)  it  comprised  more  than  half  the 
hemisphere,  extended  well  across  the  midline,  and  displaced  the  anterior  horn 
of  the  left  lateral  ventricle  upward   (Fig.  9).     .'Vt   Level    1    (occipital),   the  mas^ 


Fig.    5    (Case    3). — Occlusion    of   right    foramen    of    Monro;    (7.    fluid    level: 
nteroposterior   projection   with    horizontal    ray;    riglit    side   down. 


was  bounded  medially  and  superiorly  by  the  great  longitudinal  fissure,  laterally 
by  the  left  lateral  ventricle  and  inferiorly  by  the  thalamus  (Fig.  10).  Dissec- 
tion posterior  to  Level  1  uncovered  the  left  foramen  of  Monro  opening  into 
the  posterior  end  of  the  elongated  third  ventricle.  All  of  the  tumor  lay  anterior 
to  the  left  foramen,  and  it  apparently  arose  from  the  left  anterior  crus  of  the 
fornix  or  from  the  white  matter  farther  forward.  The  foramina  of  Monro 
entered  the  third  ventricle  2.5  cm.  apart,  the  right  at  its  anterior  and  the  left 
at  its  |iostcrior  end.  The  right  foramen  w'as  patent,  but  elongated  and  tor- 
tuous from  the  encroachment  of  the  tumor  across  the  midline.  The  aqueduct 
of  Sylvius  and  the  fourth  ventricle  were  normal.  No  corpus  callosum  cotdd 
be   found.     Microscopic  examination  of  the  tumor  showed  it  to  be  a  glioma. 
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In  tliis  case  tlie  unilateral  liydrocei)lialus  might  liave  been  susi>ected 
from  the  asymmetry  of  the  fontanel  had  the  head  been  more  carefully 
observed  before  the  dye  and  fluid-re|)lacement  studies  were  begun.  The 
dye  was  probably  placed  in  the  great  longitudinal  fissure,  for  no  trace 
of  it  was  found  in  the  left  hemisphere;  moreover,  fluid  having  been 
aspirated  at  the  point  of  injection,  the  indigocarmin  must  have  been 
placed  in  the  subarachnoid  space.  The  degenerated  area  of  the  glioma 
corresponded  closelv  to  the  region  to  which  the  spinal  needle  was  passed 
on  the  left  side,  and  mav  have  been  due  to  hemorrhage  caused  by  the 


Fig.  6  (Case  3).- 
rav :  left  side  down. 


A.  fluid   level;   anteroposterior   projection   with   horizontal 


needle.  The  presence  of  a  tumor  not  being  suspected,  it  was  tbouglit 
that  we  might  be  dealing  with  a  congenital  absence  of  the  foramen  of 
Monro,  as  in  the  case  described  by  Rransford  Lewis."  For  this  condi- 
tion the  establishment  of  a  communication  between  the  lateral  and  third 
ventricles  would  be  the  proper  procedure ;  but  at  operation  it  was  not 
possible  to  be  sure  where  the  third  ventricle  lay.  I,  therefore,  removed 
the  choroid  plexus,  with  some  misgiving  as  to  the   fate  of  the  great 


6.  Lewis.   Bransford ;     Unilateral    Internal    Hydrocephalus    from    Closure   ol 
the  Foramen  of   Monro — Death — .Autopsy.   .Mienist   &    Neurologist  8:,^96.   1887. 


.IKCllin-S     OF    SLRCERV 


(lead  si>;n'c  slmuld  llic  child  survive.  Dandy"  found  that  when  tlie 
ventricles  weri'  ^niall  the  operation  was  well  tolerated.  Imt  tliat  when 
they  were  enlars^ed  and  the  cortex  was  <^reatly  thinned  the  reaction  was 
severe  or  fatal. 

I  am  not  ahle  to  explain  satisfactorily  all  the  postniorlem  findings. 
It  is  clear  that  the  right  foramen  of  Monro,  although  patent,  did  not 
function  properlv,  and  that  this  must  have  heen  due  to  the  jiressure 
of   the   tumor.      The   elnntjation   of    the   third   ventricle    was   caused    hy 


v.( 2 


Fig.  7  (Case  3). — Levels  of  transverse  sections  shown  in  Fignres  8.  9, 
indicated  by  3.  2  and  1;  defect  on  superior  aspect  of  right  heniisphert 
enlargement  of  the  operative  incision. 


the  backward  displacement  of  the  left  foramen  of  Monro.  I!ut  the 
third  ventricle  was  also  dilated,  and  this  is  difficult  to  understand  in 
view  of  the  patency  of  the  aqueduct  of  Sylvius  and  the  collapsed  condi- 
tion of  the  left  ventricle.  It  would  seem  that  a  tumor  arising  in  the 
vicinity  of  the  anterior  cms  of  the  fornix  and  pushing  the  foramen  of 


7.  Dandy,  W.   E. :    Extirpation  of  the  Choroid   Plexus  of  the  Lateral   \'en- 
tricles  in  Communicating  Hydrocephalus,  Ann.  Surg.  68:569   (Dec.)    1918. 
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Monni  hack  into  the  occipital  region  would  liave  blocked  thai  foramen 
rather  than  the  one  on  the  ojjposite  side.  Perhaps  the  absence  of  the 
corpus  callosuin  made  it  possible  for  this  dislocation  to  occur  without 
fKclusion  of  the  left   foramen. 

Case  4  (Disp.  Xo.  99658).— .4  brain  tumor  localized  in  l!u-  Irft  cnrhial  hemi- 
sphere by  z'cntriculogram;  cystic  (jlioma  of  tcmporcsphenoidal  lobe  found  al 
operation:  recovery. 

History.— h.  C,  a  woman,  aged  53  years,  was  admitted,  Oct.  20,  1921.  to  the 
neurologic  service  of   Dr.  Walter  F.   Schaller  in   Lane   Hospital,   recommended 


Fig.  8  (Case  3i. — Transverse   frontal  section  at   Level  3   (Fii;. 
erated  area  of  tumor  in   left  hemisphere. 


detren- 


by  Dr.  R.  V.  Lee  of  San  Francisco  with  the  diagnosis  of  brain  tumor.  There 
was  nothing  important  in  the  family  or  past  history.  Twelve  years  previously, 
in  1909.  she  began  to  have  attacks  of  petit  mal.  rare  at  first  but  increasingly 
frequent  after  1916.  During  the  past  year  there  had  been  abriut  twelve  major 
convulsions  with  loss  of  consciousness.  Neither  the  major  nor  minor  attacks 
were  jacksonian  in  character.  For  a  year  there  had  been  loss  of  memory  and 
periods  of  disorientation.  On  questioning,  a  relative  gave  an  indefinite  history 
of  recent  slowness  in  understanding  spoken  and  written  words.  She  had  com- 
plained for  five  months  of  mild  headaches,  nausea,  dizziness  and  transitory 
blurring  of  vision. 
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Examination. — The  skull  was  normal  to  palpation  and  percussion.  Roent- 
genograms revealed  generalized  thickening  of  the  cranial  hones.  There  were 
choked  disks  measuring  6  diopters.  The  visual  fields  were  normal.  The  vision 
was:  right,  15/30;  left,  15/20.  The  remaining  cranial  nerves  were  negative. 
Muscle  tone  and  power,  sensibility  and  reflexes  were  normal.  There  was 
marked  fine  tremor  of  the  hands,  but  no  ataxia,  dysmetria  or  Romberg's  sign. 
Her  memory  was  defective  for  past  and  recent  events.  She  was  oriented  for 
time  and  place.  Xo  motor  or  sensory  aphasia  could  be  deinonstrated  by  careful 
tests.    The  tentative  diagnosis  was  tumor  of  the  frontal  lobe,  side  unknown. 

October  26.  with  procain  and  epinephrin  anesthesia,  a  small  trephine  opening 
was  made  at  Kocher's  point,  and  through  it  25  c.c.  nf  cerebrospinal  fluid  were 


Fig.   9   (Case   3). — Transverse   parietal   section   at    Level 
lateral  ventricle,  tip  of  anterior  horn  ;  />.  tumor. 


(Fig.    7.1 


aspirated  from  the  anterior  horn  of  the  right  lateral  ventricle  and  replaced  by 
the  same  amount  of  air.  No  more  fluid  could  be  obtained  though  the  patient 
was  in  the  correct  position — face  down  and  turned  slightly  to  the  left.  She  was 
then  placed  with  the  occiput  down,  and  the  head  was  slowly  turned  to  the  right. 
Roentgenograms  were  taken  after  she  had  been  in  the  right  lateral  position  for 
half  an  hour.  The  turning  was  then  reversed  and  more  exposures  were  made 
in  the  left  lateral  position.  The  right  and  left  lateral  projections  with  vertical 
and  horizontal  rays  revealed  the  outlines  of  an  apparently  normal  ventricle. 
With  the  anteroposterior  projections  with  the  horizontal  ray,  air  was  seen  only 
in  the  right  lateral  ventricle  (Fig.  11).  Fearing  that  the  turning  of  the  head 
to  allow  the  air  to  pass   into  the  left  ventricle  had  not  been  properly  carried 
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out.  it  was  repeated  the  next  day  accurdiiig  tn  Dandy's"  directions:  "In  normal 
or  slightly  enlarged  ventricles  the  air  passes  from  one  ventricle  to  the  other 
when  the  position  of  the  head  is  such  (occiput  down)  that  all  the  air  is  in  the 
anterior  horn.  If  the  head  is  then  turned  toward  the  side  containing  the  air, 
air  passes  through  the  interventricular  foramina  to  the  opposite  lateral  ven- 
tricle." The  result  was  the  same:  no  demonstrable  air  had  passed  into  the  left 
lateral  ventricle.  The  preoperative  diagnosis  was  a  tumor  of  the  loft  fronlal 
or  temporosphenoidal  lobe,  compressing  the  left  lateral  ventricle. 


Fig.  10  (Case  3). — Transverse  occipital  section  at  Level   1   (Fig.  7)  :  a, 
lateral  ventricle ;  b,  tumor ;  c,  thalamus ;  d.  third  ventricle. 


left 


Ofieralion  (Towne).  —  October  31.  the  scalp  and  left  temporal  muscle 
were  infiltrated  with  90  c.c.  of  0.5  per  cent,  procain,  containing  0.45  mg.  of 
epinephrin.  .A  large  bone  flap  was  turned  down  to  uncover  the  lower  frontal 
and  upper  teinporal  cortex  and  the  inferior  end  of  the  central  fissure.  The 
hone  under  the  temporal  muscle  was  widely  removed.  The  tense  dura  was 
radially  incised  under  the  bone  defect,  the  intention  being  to  make  a  subtemporal 
decompression  and  to  postpone  further  exploration  until  a  second  stage.     The 


8.  Dandy.  W.  E. :  Fluoroscopy  of  the  Cerebral  Ventricles,  Bull.  Johns  Hop- 
kins Hosp.  30:29  (Feb.)   1919. 
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temporal  cortex  protruded  moderately  through  the  opening  in  the  dura.  A 
needle  introduced  at  a  soft  area  well  forward  in  the  superior  temporal  gyrus 
tapped  a  gliomatous  cyst  at  a  dejith  of  1.5  cm.  About  15  c.c.  of  the  typical. 
clear  yellow  fluid  were  obtained.  This  contained  480  red  cells  and  7  white 
cells  per  cubic  millimeter  and  did  nut  reduce  Fehling's  solution.  The  tension 
was  now  relieved  so  that  the  cortex  could  be  depressed  with  a  spoon  to  allow 
examination  to  a  point  some  distance  from  the  dural  opening,  but  no  extension 
of  the  tumor  to  (he  surface  could  be  found.  The  wound  was  closed,  and  the 
patient,  with  a  pulse  of  90.  was  returned  to  the  ward. 

The  epinephrin  hemostasis  was  excellent,  so  that  only  a  few^  of  the  larger 
vessels  bled.  There  was  pain  only  twice;  from  traction  on  tlie  temporal  nuiscle 
wlien   the   bone   ria|i   was   liroken   down,   and   when   tlie   middle   meningeal   artery 


l-ig.  II  (Case  4 1. — Tinnor  of  left  temporosphenoidal  lobe  compressing  left 
lateral  ventricle:  i7.  air  in  ri.glit  lateral  ventricle:  /'.  trephine  opening  in  skull; 
anteroposterior  projection  with  horizontal  ra>  :  riglit  side  down. 


was   ligaled.     The   intracranial   pressure  was   far  less   tlian  one  expects  to   tind 
in  similar  cases  in  which  ether  anesthesia  is  employed. 

Postoperative  Course. — The  wound  healed  cleanly.  She  was  out  of  bed  on 
the  sixth  day  and  was  discharged  from  the  hospital  on  the  eighteenth  day.  She 
had  no  nausea,  dizziness  or  epileptic  attacks.  Several  times  she  complained 
of  severe  headache  of  short  duration,  and  at  these  periods  the  decompressed 
area  was  full  and  tense.  At  all  other  times  the  hernia  was  soft  and  only 
slightly  raised.  M  discharge,  the  optic  disks  were  still  elevated  from  1.5  to 
2  diopters.  When  last  seen,  December  5,  her  memory  appeared  to  be  improving, 
and  she  was  much  brighter  and  more  responsive.  The  swelling  of  the  right 
optic  disk  was  entirely  gone.     The  margin  of  the  left  disk   was  still  hazy  and 


rOliXE—IXTKACK.IXIAL    IJiSIOXS  157 

there  was  a  scarcely  measurable  swelling.    N'Ision  was:  right,  15/30;  loft,  15/20, 
as  liefore  operation — an  unexpectedly  good  rcsiih. 

Credit  for  the  localization  of  this  tumor  must  be  given  to  the  ventric- 
ulogram. The  definite  clinical  finding  was  loss  of  memory.  There  was 
a  clear  history  of  disorientation,  and  an  indefinite  history  of  aphasia; 
but  neither  could  be  demonstrated  by  tests.  Without  the  ventriculo- 
gram the  diagnosis  was  a  tumor  of  a  frontal  lobe.  The  therapy  would 
probably  have  been  a  subtemporal  decompression  or  a  combined 
decompression  and  bone  flap  operation  on  the  right  side,  as  the  ])atient 
was  right-handed.  This  might  have  saved  vision,  but  it  would  not 
have  made  possible  the  evacuation  of  the  cyst.  With  the  tumor  located 
in  the  left  temporal  lobe,  it  can  now  be  aspirated  whenever  necessary, 
and  it  can  also  be  attacked  with  massive  rocntgen-ray  doses  if  that 
appears  desirable. 

From  the  point  of  view  of  roentgen-ray  technic.  it  is  interesting 
to  note  that  in  Cases  3  and  4  lateral  projections  gave  only  ])artial 
information,  while  antero]X)sterior  projections  with  the  horizontal  ray 
revealed  the  imilateral  location  of  the  air. 

SIMMAKV 

By  means  of  ventriculogram>.  three  cases  of  obslructi\e  hydro- 
cephalus in  infants  were  diagnosed  as  being  caused  by  occlusion  of 
(1)  the  foramina  of  Magendie  and  Luschka ;  (2)  the  aqueduct  of 
Sylvius,  and  (3)  the  right  foramen  of  Monro.  No  other  method 
could  have  thus  shown  the  exact  location  of  the  obstructions.  In  all 
three  the  disease  was  so  far  advanced  that  the  corte.x  was  markedly 
thinned  and  secondary  enlargement  of  the  head  had  followed.  Large 
amounts  of  cerebrospinal  fluid,  from  500  to  1,500  c.c,  were  replaced 
by  air.  In  two  ca.ses  new  inter\entricular  passages  were  made;  but, 
through  the  operations  were  fairly  well  borne,  the  hydrocephalus  was 
not  cured  and  both  patients  died  at  a  later  date.  The  third  patient 
died  of  shock  following  e.xtiri)ation  of  a  choroid  plexus.  The  results 
emphasize  Dandy's  statement  that  these  cases  must  be  diagnosed  by 
ventriculogram  and  operation  must  be  performed  before  the  head 
enlarges.  He  has  show-ii  that  before  the  ventricles  are  greatly  dilated 
the  points  of  obstruction  can  Ije  successfully  attacked.  Even  when 
the  diagnosis  is  delayed,  it  is  more  satisfactory,  if  forced  by  the  hope- 
less outlook  to  do  something,  to  try  to  correct  the  cau.se  of  the  condi- 
tion rather  than  to  attemin  to  palliate  the  result  by  a  drainage  operation. 

Dandy  has  reported  two  cases  of  cerebral  tumor,  one  occipital,  the 
other  frontal,  which  were  localized  by  the  ventriculogram  after  other 
methods  had  failed.  In  my  fourth  case  the  symptoms  suggested  a  fron- 
tal lobe  tumor,  right  or  left.  The  ventriculogram  showed  that  the  left 
lateral  ventricle  contained  no  air.     At  ojieration.  a  cystic  glioma  was 
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found  in  the  left  teniporosphenoidal  lolie.     The  patient   \\a>  ihsniissed 
in  a  much  improved  condition. 

iMiiin  this  hmited  experience,  it  a|)i)ears  that  the  replacement  of 
ventricular  fluid  hy  air  is  harmless  and  of  great  value  in  the  early 
stajjes  of  internal  hydrocephalus,  and  that  it  is  the  essential  diagnostic 
method  in  the  localization  of  tumors  lying  in  silent  areas  of  the 
cerehnmi. 


CHANGES    IN     THE    MORPHOLOGY    AND    FUNCTION 
OF     THE     BONE     MARRoW      AFTER     SPLENECTOMY* 
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[•"ellow   in   Surgery.   Mayo   Foundatiimt 

ROCHESTER,     MINX. 
INTRCDLCTION 

In  tliis  series  of  investigations  on  the  bone  marrow  I  have  had  a 
two-fold  purpose :  first,  to  devise  a  new  method  of  studying  marrow 
that  would  secure  a  connected  picture  of  changes  in  the  marrow,  and 
second,  to  observe  the  function  of  the  marrow  after  the  removal  of 
the  spleen.  The  need  of  this  investigation  was  suggested  to  me  by  my 
findings  in  a  previous  study  '  of  the  blood  changes  after  removal  of 
the  spleen  for  kala-azar. 

Hitherto  most  observations  on  the  function  of  ihe  marrow  have  been 
limited  to  single  isolated  specimens,  usually  secured  at  necropsy  or  by 
etherizing  laboratory  animals.  A  single  specimen  of  bone  marrow  gives 
insufficient  evidence.  .An  adequate  conception  of  the  behavior  of  the 
marrow  can  be  secured  only  by  frequent  observations  (on  the  same 
person  or  laboratory  animal)  at  regular  intervals  and  over  a  period 
sufficiently  long  to  afford  a  connected  record  of  changes  throughout  the 
entire  course  of  the  disease.  One  of  the  most  difficult  factors  in 
connection  with  the  technic  is  adequate  experimental  control.  I  have, 
tlierefore.  given  special  attention  to  the  develojinient  of  a  system  of  rigid 
experimental  control. 

It  should  be  stated  that  my  reason  for  undertaking  this  study  of  the 
marrow  and  for  giving  special  attention  to  the  early  period  after 
splenectomy  is  the  fact  that  ()revious  investigators,  notably  Pearce  and 
Krumbhaar,-  have  repirted  practically  negative  findings  for  the  first 
six  months.  They  noted  definite  marrow  changes,  however,  after  from 
six  months  to  one  and  one-half  years.  Their  .study  of  the  marrow  after 
splenectomv  still  constitutes  the  most  comiilete  contrilnnion  on  the 
subject. 


*  Abridgment  of  thesis  submitted  to  the  Faculty  of  the  Graduate  School  of 
the  University  of  Minnesota  in  partial  fulfilment  of  the  requirements  for  Ihe 
degree  of  Master  of  Science  in  Surgery.  June.  1921.  The  original  thesis  con- 
tained a  complete  review  of  the  literature,  with  a  bibliography,  eight  charts, 
seven  photomicrographs,  three  drawings  in  color,  and  thirteen  protocols,  none 
of  which  are  included  here. 

t  This  work  was  done  in  the  Division  of  Experimental  Surgery  and  Pathology. 
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The  fact  that  the  most  severe  stage  of  anemia  and  most  instances 
of  recovery  therefrom  occur  during  the  first  six  months  after  the 
removal  of  the  spleen  naturally  leads  us  to  expect  corresponding  marrow 
changes  during  this  period.  Pearce  and  Krumbhaar,  failing  to  find  such 
marrow  changes  during  the  first  six  months,  concluded  that  the  changes 
observed  later  could  not  be  considered  compensatory  to  an  anemia 
which  had  already  cleared  u\>.     They  stated  their  reasoning  thus: 

If  the  hxpcrplasia  of  tlie  l)one  niarniw  is  cuinpensatory  to  increased  l)loocl 
destruction  or  decreased  iilood  formation  one  would  expect  definite  hyper- 
plasia during  the  earlier  period,  during  the  first  three  months  after  splenectomy 
at  a  time  when  the  anemia  is  evident  and  repair  is  taking  place,  and  not  six 
months  to  a  year  and  a  year  and  a  half  when  the  blood  picture  is  normal 
.  .  .  it  is  therefore  impossible,  on  account  of  the  late  development  of  the 
hyperplasia  of  the  marrow,  to  explain  its  occurrence  as  compensatory  to  the 
anemia  following  splenectomy. 

Contrary  to  these  observations  li)-  I'earce  and  Krumbhaar  and  their 
associates,  my  study  of  marrow  changes  after  splenectomy  has  revealed 
definite  early  changes.  The  differences  in  our  findings  are,  I  believe, 
due  tci  variations  in  methods.  First,  there  is  a  fundamental  difference- 
in  the  method  nf  exiierimental  control.  The_\-  used  the  marrow  of  one 
.•iiiiiiial  t(i  ccmtriil  changes  in  another  animal,  whereas  I  controlled 
p()>tsplciiect(imv  changes  bv  a  Cdntml  s])eciinen  of  marrow  taken  from 
the  same  animal  before  splenectomy.  I  alsi)  studied  a  series  of  non- 
splenectomized  animals  subjected  to  exactly  the  same  conditions  as  a 
subsidiary  control.  Secondly,  it  is  important  to  note  that  Pearce  and 
Krumbhaar  ami  their  associates  made  no  observations  during  the  fourth 
and  fifth  months  after  splenectomy.  This  is  significant  because  it  was 
during  these  months  that  I  observed  maximal  marrow  changes. 
Thirdly,  my  method  obtained  a  connected  picture  of  marrow  changes 
not  possible  by  the  study  of  single  and  isolated  specimens  of  marrow 
taken  from  various  animals.  Fourthly,  in  my  method  the  rib  marrow 
was  studied  instead  of  the  marrow  of  the  ceiUral  third  of  the  femur. 
The  rib  marrow  shows  marrow  changes  earlier  than  the  marrow  of  the 
central  third  of  the  femur. 

It  is  evident  that  the  function  df  the  marrow  during  the  first  few 
mi  mills  after  .splenectomy  is  the  crux  of  the  problem.  If  during  this 
period  there  is  hyperplasia  and  hyperactivity,  postsplenectomy  anemia  is 
due  to  no  fault  of  the  inarrow  but,  rather,  to  some  destructive  factor, 
possibly  an  hemolysin,  which  is  set  into  activity  by  removal  of  the  spleen. 
Since  the  question  of  the  function  of  the  marrow,  especially  during  the 
period  immediately  following  splenectomy,  is  of  sufficient  importance  to 
warrant  further  investigation,  I  have  ventured  to  continue  the  study  of 
the  problem  by  devising  a  new  tnethod  and  by  giving  more  emphasis 
to  the  accomplishment  of  rigid  experimental  control. 
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EXPKRIMENTS 


Tile  schedule  for  this  investigation  of  the  marrow  and  its  relation  to 
the  spleen  involved  the  collection  of  data  in  a  form  which  would  allow 
the  analysis  and  comparison  of  ten  factors.  Four  of  these  referred  to 
the  marrow :  erytlirogenesis,  leukogenesis,  vascularity,  and  density  of 
marrow  cells.  Four  referred  to  the  blood  stream:  the  hemoglobin  con- 
tent, the  erythrocyte  count,  the  leukocyte  count,  and  a  differential  study 
of  the  blood  cells.  Two  referred  to  the  laboratory  animal  in  a  general 
way :  its  weight  at  regular  intervals  and  parallel  notes  on  its  general 
condition,  such  as  the  healing  of  the  operative  wounds  and  the  absence 
or  presence  of  any  influence  that  might  affect  the  marrow  even  in  a 
minor  way. 

All  data  were  collected  simultaneously  just  before  taking  each 
specimen  of  marrow.  This  parallelism  of  observations  not  only  justified 
comparison  of  data,  but  also  contributed  to  a  much  more  coinprehensive 
knowledge  of  what  occurs  after  removal  of  the  spleen  than  could  be 
.secured  by  studying  the  marrow  alone. 

Five  series  of  experiments  were  carried  through.  Series  1,  2,  3 
and  4  failed  to  accomplish  e.xact  ex])erimental  control.  My  report  is 
based  largely  on  the  findings  by  the  new  method  of  experimental  control 
used  in  the  experiments  in  Series  5.  Brief  references  will  be  made  to 
the  fir.st  four  series  because  they  bring  out  certain  points  which  are 
important  when  studied  in  conjunction  with  the  findings  in  Series  .^. 

Series  1  :  The  marrows  from  the  tibias  of  twenty-five  rabbits,  thir- 
teen splenectomized  and  twelve  nonsplenectomized.  for  periods  up  to 
fourteen  months  after  splenectomy,  were  studied.  The  marrows  of 
the  splenectomized  rabbits  were  controlled  by  the  marrows  of  the 
nonsplenectomized  rabbits. 

Series  2:  The  marrows  from  the  femurs  (central  third)  of  fourteen 
dogs,  eight  splenectomized  and  six  nonsplenectomized,  for  a  period  of 
more  than  one  vear  after  splenectomy,  were  studied.  In  this  series  also 
the  splenectomized  animals'  marrows  were  controlled  by  the  nonsplenec- 
tomized animals'  marrows. 

Series  .3:  The  marrows  from  the  lemurs  of  two  goats,  of  the  same 
age,  one  splenectomized  when  3  weeks  old.  and  one  nonsplenectomized, 
for  a  period  of  fifteen  months  after  splenectomy  were  studied.  In 
this  series  also  the  nonsi)!enectomized  goat  was  a  control  for  the 
splenectomized  goat. 

Series  4:  The  marrows  from  the  central  third  of  the  left  femur  of 
each  of  six  dogs,  three  splenectomized  and  three  nonsplenectomized. 
taken  at  the  end  of  the  experiment,  were  compared  with  the  marrows 
taken  as  controls  before  splenectomy  from  the  center  of  the  right 
femur  from  each  of  the  same  dogs. 
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Series  5  A :  The  marrows  from  the  ribs,  taken  at  frequent  intervals 
from  fourteen  clogs,  eight  splenectomized  and  six  nonsplenectomized, 
operated  on  under  ether  anesthesia  and  by  sterile  technic,  were  studied. 

Series  5  B :  The  marrows  from  the  ribs  of  four  dogs,  two  splenec- 
tomized and  two  nonsplenectomized,  were  studied  in  the  same  manner 
as  in  Series  5  A,  except  that  cocain  anesthesia  was  used  instead  of 
ether.  The  details  of  the  satisfactory  methods  (Series  5  A  and  B) 
follow. 

.METHOD     OF     OBTAINING     RIB      MARROW     SPECIMENS 

A  piece  of  rib,  4  cm.  long,  was  removed  from  a  point  midway 
between  the  spine  and  sternum.  This  specimen,  removed  before 
splenectomy,  from  a  healthy  and  apparently  normal  dog,  constituted  the 
control  for  subsequent  pieces  of  rib  removed  from  the  same  animal  at 
regular  intervals  after  splenectomy.  The  six  dogs  in  Series  5  A,  not 
splenectomized  and  used  as  additional  controls,  had  exactly  the  same 
treatment,  including  the  rib  resections  and  abdominal  incisions,  except 
that  after  the  spleen  was  delivered  outside  the  abdomen  and  traction 
and  trauma  were  e.xerted,  such  as  were  estimated  to  equal  those  of 
splenectomy,  the  spleen  was  returned  to  the  abdomen  and  the  wound 
closed.  Thus  each  specimen  of  marrow  was  controlled  by  a  specimen 
from  the  same  animal  before  the  splenectomy,  as  well  as  by  the  similar 
series  of  rib  resections  from  nonsplenectomized  animals.  Test  exami- 
nation of  many  specimens  from  similar  parts  of  the  ribs  has  proved 
that  the  marrow  from  the  same  relative  position  of  several  ribs  from  the 
same  animal  is  very  similar  in  cell  character  and  activity. 

By  this  method  as  many  as  nine  specimens  of  rib  marrow  from  a 
single  animal  were  secured  at  intervals  of  from  two  weeks  to  several 
months  during  a  total  period  of  fifty-four  weeks'  observation.  Thus 
in  Dog  32  the  first  rib  marrow  specimen,  removed  before  splenectomy, 
was  the  control.  The  second  specimen  was  removed  two  weeks  after 
splenectomy ;  the  third,  five  weeks  after ;  the  fourth,  nine  weeks ;  the 
fifth,  seventeen  weeks;  the  sixth,  twenty-nine  weeks;  the  seventh, 
forty-one  weeks,  and  the  eighth,  fifty-four  weeks.  In  connection  with 
this  experiment,  a  nonsplenectomized  dog  was  put  through  exactly  the 
same  routine  rib  resections  with  the  same  intervals  between  resections, 
as  an  additional  control. 

Before  each  operation  the  blood  was  examined  for  the  number  of 
leukocytes  and  erythroc\1:es,  and  the  hemoglobin  estimation.  Similarly, 
before  each  operation,  a  record  was  made  of  the  animal's  general 
condition,  the  healing  of  former  wounds,  and  the  weight.  In  three 
experiments  of  Series  5  A,  blood  smears  were  also  made  at  frequent 
intervals  to  check  the  types  of  blood  cells  and  compare  them  with  the 
cells  seen  in  the  marrow  of  the  same  animals.  At  the  end  of  the 
experiment  the  animals  were  etherized  and  necropsy  was  performed  in 
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order  to  insure  that  tliey  were  not  affected  by  disease  or  any  factor 
except  absence  of  the  spleen. 

Great  care  was  taken  to  rule  out  animals  in  which  a  coni])lication 
might  introduce  an  additional  factor  affecting  the  marrow.  Of  a  series 
of  thirty-nine  rabbits,  fourteen  were  excluded  from  consideration  owing 
to  wound  infection,  "snuffles,"  pregnancy,  and  so  forth.  Empyema, 
pregnancy,  and  suppurative  cystitis  of  unknown  cause  required  the 
rejection  of  three  dogs.  In  a  few  cases  the  experiments  were  con- 
tinued in  animals  in  which  a  very  slight  and  superficial  stitch  infection 
occurred.  In  these  cases  the  presence  of  such  a  factor  was  noted  and 
clearly  marked  on  the  charts  so  that  due  significance  might  be  attributed 
to  the  condition.  These  wounds  healed  readil)',  however,  and  if  they 
were  of  significant  influence  on  the  marrow  function  it  could  be  for  a 
brief  period  only;  and  probably  at  the  most  no  more  than  unc  marrow 
specimen  was  affected. 

The  animals  were  kept  on  a  uniform  diet  throughout  the  experiment, 
except  two  animals  who  became  so  thin  and  anemic  at  one  period 
shortly  after  splenectomy  that  for  a  short  time  they  were  given  meat  and 
milk  in  addition  to  the  regular  diet. 

None  of  the  animals  finally  retained  as  satisfactory  for  marrow 
study  died  because  of  sickness.  Every  animal  when  etherized,  except 
Dog  376,  appeared  to  be  as  healthy  as  when  the  ex])eriment  was 
begun  in  Jtme,  1919.  This  animal  appeared  perfectly  healthy  up  to  May 
12,  1920,  when  he  died  suddenly.  Necropsy  showed  acute  meningitis. 
Five  marrow  specimens,  the  la.st  of  which  was  taken  .'\pril  8,  were 
retained  because  the  animal  was  healthy  for  a  month  after  these 
specimens  were  taken.  The  final  marrow  specimen  was  not  included 
in  the  report  because  it  was  probably  affected  by  the  terminal  febrile 
infection. 

At  necropsy  not  only  were  numerous  specimens  of  femur  and  rib 
marrow  taken,  but  also  lymph  nodes  and  hemolymph  nodes  were  pre- 
served for  study.  -A  general  search  was  made  for  any  pathologic 
condition,  special  attention  being  given  to  the  chest.  In  no  case  was 
there  any  sign  of  empyema  or  even  adhesions  from  pleurisy. 

A  separate  series  of  animals  was  studied,  using  cocain  anesthesia, 
in  order  to  deternn'ne  whether  the  anesthestic  is  a  complicating  factor. 

PREPARATION     OF     RIB     MARROW     SPIXIMENS     FOR      MICROSCOPIC     STIDV 

A  piece  of  rib,  approximately  4  cm.  long,  is  removed  midway 
between  the  spine  and  the  sternum.  It  is  advisable  to  remove  a  sub- 
sequent specimen  of  rib  marrow  from  the  opposite  side  of  the  chest, 
or  at  least  one  or  two  ribs  distant  from  the  previous  site  of  rib  resection, 
in  order  to  insure  the  absence  of  local  inflammatory  reaction  in  the 
region  from  which  a  new  marrow  >i(iccimen  is  to  be  taken. 
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'['\w  n'l)  marrow  specimen  is  held  very  firmly  against  a  block  of  wood 
and  is  cnt  into  five  pieces  with  a  sharp,  fine  saw,  with  care  not  to  squeeze 
out  the  marrow  or  injure  it,  except  at  the  site  of  actual  cutting.  The 
pieces  from  each  end  of  the  specimen  are  thrown  away  because  at  these 
points  the  marrow  cells  are  crushed  out  of  their  normal  relationship 
at  the  time  of  operation.  Three  pieces  of  rib,  approximately  1  cm.  long, 
are  thus  secured  for  fixation  and  section. 

Several  methods  were  tried  before  satisfactory  rib  marrow  sections 
were  prepared  by  the  following  steps : 

Specimen:  A  small  specimen  is  placed  in  Zenker's  solution  (without 
glacial  acetic  acid)  for  twenty-four  hours.  The  specimen  is  washed 
in  running  water  for  twenty-four  hours.  The  specimen  is  placed  in 
5  per  cent,  nitric  acid  and  is  changed  daily  until  the  block  is  soft  enough 
to  be  cut.  This  requires  for  from  three  to  seven  days.  If  the  rib  has 
a  very  thick,  hard  bone  cortex,  a  10  per  cent,  solution  of  nitric  acid 
is  necessary.  The  specimen  is  washed  in  running  water  for  twenty- four 
hours.  An  attempt  to  facilitate  the  process  of  washing  out  the  acid  by 
use  of  sodium  bicarbonate  solution  results  invariably  in  "hazy"  or 
"muddy"  sections.  Ordinary  tap  water  is  found  to  give  the  most  satis- 
factory results. 

The  specimen  is  placed  consecutively  in:  80  per  cent,  alcohol  for 
twenty-four  hours ;  95  per  cent,  alcohol  for  twelve  hours :  absolute 
alcohol  for  three  hours ;  equal  parts  of  absolute  alcohol  and  cedar  oil 
for  one  hour;  cedar  oil  for  one  hour;  chloroform  (two  changes)  for 
one  hour ;  equal  parts  of  chloroform  and  paraffin  for  one  hour,  and 
paraffin  (two  changes)  for  two  hours.    The  specimen  is  then  embedded. 

Sections:  The  section  is  made  7  microns  thick.  For  staining,  the 
section  is  run  through  toluene  and  graded  alcohol  to  water  (about 
two  minutes  in  each  solution)  as  follows:  toluene  (two  changes); 
absolute  alcohol  (two  changes);  95  per  cent,  alcohol;  70  |ier  cent, 
alcohol ;  50  per  cent,  alcohol,  and  distilled  water. 

The  section  is  left  about  five  minutes  in  5  per  cent,  eosin.  The 
tendency  is  to  overstain  with  eosin.  The  section  is  vi'ashed  through, 
two  waters.  The  section  is  stained  with  polychrome  methylene  blue 
(Goodpasture's)  for  about  two  minutes.  The  section  is  immersed  in 
95  per  cent,  alcohol  (two  changes)  for  about  two  minutes  each.  It  is 
then  examined  under  the  microscope.  If  it  is  too  blue,  it  is  again  washed 
in  95  per  cent,  alcohol.  If  it  is  not  blue  enough,  it  is  returned  to  the 
water  and  restained.  The  section  is  washed  with  absolute  alcohol  for 
about  two  minutes,  and  xylene  or  toluene  for  about  two  minutes.  The 
section  is  mounted  with  "Canada  balsam,  after  which  it  is  ready  for 
histolognc  study. 
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METHOD     OF     RECORDING     OBSERVATIONS     ON     BONE     MARROW 

Obscr\ations  involving  a  close  microscopic  study  of  tlie  marrow  with 
oil  immersion  lens  were  essentially  processes  of  comparison.  Pathologic 
marrow  was  compared  with  normal ;  hyperactive  marrow  with  a  normal 
or  sluggish  marrow :  very  vascular  marrow  with  relatively  slightly 
vascular  marrow,  and  a  marked  density  of  marrow  cells  was  numer- 
ically compared  with  a  marrow  containing  a  few  scattered  marrow  cells 
amid  masses  of  fat  cells. 

In  order  to  comi>are  and  record  marrow  findings,  the  following 
system  of  grading  activity,  vascularity,  marrow  cell  density,  and  so  forth, 
was  adopted. 

Erythrogenesis :  Grade  1  is  the  most  sluggish  erythrogenesis 
observed.  It  consists  of  a  field  in  which  most  of  the  cells  are  primitive 
cells,  myeloblasts,  myelocytes,  and  fat  cells  with  a  few  scattered  normo- 
blasts and  megaloblasts  as  evidence  of  erythrogenesis.  Grade  4.  on  the 
contrary,  indicates  the  most  active  type  of  erythrogenesis  observed  in 
any  rib  marrow.  Grades  2  and  .S  are  intermediate  between  Grade  1 
and  Grade  4. 

By  much  practice  it  finally  proved  possible  to  grade  specimens  of 
marrow  so  that  the  gradings  of  the  same  specimen  varied  no  more 
than  one  half  of  one  grade,  even  though  the  examinations  were  made 
weeks  apart,  so  that  each  subsequent  grading  was  unprejudiced  by 
recollection  of  the  previous  grading. 

Leukogenesis :  Gradings  of  leukogenesis  were  made  in  exactly  the 
same  manner  as  of  erythrogenesis. 

\'ascularity :  Grade  1  is  a  marrow  with  only  a  few  small  capillaries 
moderately  filled  with  erj'throcytes.  Grade  4  is  a  marrow  containing 
numerous  capillaries  and  sinuses  congested  with  erythrocytes.  Grades 
2  and  3  are  intermediate  between  Grade  1  and  Grade  4. 

Cell  Density :  Grade  1  of  marrow  cell  density  represents  a  rib 
marrow  with  small  islands  of  marrow  cells  with  considerable  fat; 
the  bone  cortex  and  bony  trabeculae  and  .septums  which  divide  the 
marrow  compartments  in  the  rib  are  quite  thick.  Grade  4  represents  a 
rib  marrow  containing  large  islands  of  dense  marrow  cells  with  little  or 
no  fat;  often  these  large  islands  of  marrow  cells  become  confluent  and 
the  bony  septums  become  fewer  and  thinner.  The  bone  cortex  also 
undergoes  a  change  and  is  thinned  out  and  honeycombed  by  numerous 
new  small  islands  of  marrow  cells.  Grades  2  and  3  constitute  inter- 
mediate grades  between  Grade  1  and  Grade  4. 

General  Activity :  f  ieneral  activity  of  marrow  is  estimated  by 
computing  the  mean  of  four  factors :  erythrogenesis,  leukogenesis, 
vascularity  of  the  marrow,  and  density  of  marrow  cells.  Thus,  for 
example,  if  in  a  given  specimen  of  marrow,  erythrogenesis  is  esti- 
mated as  (Irade  3,  leukogenesis.  Grade  2.  vascularity,  Grade  2,  and 
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Fig.  1  (D208). — Specimen  of  sluggish  marrow,  characterized  by  the  large 
amount  of  fat,  the  thick  bone  cortex,  the  thick  bony  septums,  and  the  small  islands 
of  marrow  cells  which  honeycoml)  the  bone  cortex;   X  18. 


Fig.  2  (D239). — Specimen  of  moderately  active  rib  marrow,  characterized  by 
the  large  amount  of  fat  (white),  few  inarrow  cells,  the  thin  bone  cortex,  and 
thin  bony  septums  which  separate  the  islands  of  marrow  cells  :   X  18. 
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density  of  marrow  cells.  Grade  3.  tlie  general  activity,  by  averaging  the 
four  grades,  would  be  coni])uted  to  be  Grade  2.5. 

This  is  a  purely  arbitrary  method  of  recording  data;  but  if  the 
observations  are  all  made  by  one  investigator  who  carefully  maintains 
the  same  grading  throughout  the  study,  the  figures  secured  furnish 
a  convenient  and  accurate  basis  for  com|jarison  of  different  marrow 
specimens.  Such  a  system  of  records  also  permits  plotting  curves  repre- 
senting marrow  activity,  and  so  forth.  It  thus  becomes  jx)ssible  to 
present  the  results  of  the  experiments  in  a  grapliic  form  that  is 
definite  and  readily  comprehended. 


Fig.  3  (D232). — Specimen  of  very  active  rib  marrow,  cliaractcrizcd  by 
few  fat  cells,  many  normoblasts  and  mcgaloblasts  whose  deeply  staining  nuclei 
give  a  dark  color  to  the  photomicrograph,  and  large  islands  of  marrow  colls 
which  are  confluent  in  places :   X  18. 


Nine  curves  were  made  for  each  of  the  ten  splenectomized  and 
eight  nonsplenectomized  dogs  (_ Series  5  . \  and  5B).  The  nine  curves 
plotted  for  each  animal  experiment  form  three  groups :  Group  1 
consists  of  five  curves :  erythrogenesis,  leukogenesis,  vacularity,  cell 
density,  and  general  activity.  This  group  of  curves,  therefore,  indicates 
the  condition  of  the  marrow.  Group  2  consists  of  three  curves:  the 
white  cell  count,  the  red  cell  count,  and  the  hemoglobin  estimation. 
These  show  the  parallel  blood  findings.  Group  3  consists  of  one  curve 
and  notes  which  give  the  animal's  weight,  general  health,  condition 
of  the  wound,  and  the  findings  at  necropsy,  all  l)eitig  made  to  parallel 
the  marrow  and  blood  observations. 


Figure  4 


Figure   11 


Fig.  4  (D  230). —Specimen  of  moderately  active  rib  marrow,  showing  the 
process  of  formation  of  new  marrow  cells   in  tlie  bone  corte.x ;   X  18. 

Fig.  11  (D  230). —Specimen  of  rib  marrow  of  a  dog  taken  two  weeks  after 
splenectomy,  characterized  by  the  presence  in  the  marrow  of  myelocytes,  meta- 
myelocytes, mature  polymorphonuclears  and  the  primitive  undifferentiated 
mother   cells;    X  600. 


Figure   5  Figure  6 

Fig.  5  (G82). — Specimen  of  femur  marrow  of  a  splenectomized  goat  taken 
fifteen  months  after  splenectomy,  characterized  by  numerous  eosinophilic  myelo- 
cytes and  active  erythrogenic  groups ;   X  600. 

Fig.  6  (G79). — Specimen  of  femur  marrow  of  a  nonsplenectomized  goat, 
characterized  by  a  framework  of  marrow  with  large  fat  spaces  and  few  groups 
of  erythrogenic  marrow  cells ;   X  600. 
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Figure  7  Figure  8 

Fig.  7  (D32). — Specimen  of  ril)  marrow  of  a  dog  taken  nine  weeks  after 
splenectomy,  characterized  by  large  spaces  which  are  relatively  inactive  and 
others  which  are  very  active ;   X  200. 

Fig.  8  (D32).  —  Specimen  shown  in  Figure  7  at  a  higher  magnification, 
showing   the   mixed   erythrogcnesis    and   leukogenesis ;    X  600. 


Figure  9  Figure  10 

Fig.  9   (D  32). —Specimen  of  rib  marrow  of  a  dog  taken  seventeen  weeks 

after   splenectomy,   characterized    by   numerous    normoblasts    indicating    active 

erythrogcnesis;   X  200 

Fig.   10   (D  32).  — Specimen   shown   in   Figure  9  at   a   higher  magnification. 

showing  the  ma.ximum   degree  of  activity  after  splenectomy;   X^'OO. 
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A      STUDY     OF     THE      MARROW     OF     VARIOUS     ANIMALS 

It  luih  been  customary  to  use  one  aninial  as  a  control  for  another 
animal  in  a  study  of  the  marrow.  For  instance,  one  of  two  dogs  is 
splenectomized.  At  the  end  of  a  certain  period,  six  months,  for  example, 
the  two  animals  are  killed  by  ether,  and  their  marrows,  usually  the 
central  third  of  the  femur  marrow,  are  compared.  If  the  marrow 
of  the  splenectomized  animal  is  much  more  active  than  that  of  the 
nonsplenectomized  animal,  it  is  assumed  that  splenectomy  causes  an 
increase  in  marrow  activity. 

In  my  first  three  series  of  experiments,  I  undertook  to  use  one 
animal  to  control  another;  but  certain  observations  led  me  to  suspect 
that  the  marrows  of  apparently  healthy  and  normal  animals  dififer 
markedly.  Therefore,  I  determined  to  make  a  special  study  of  the 
question. 

Comparisons  were  made  of  gross  and  microscopic  specimens  of  the 
marrows  from  the  center  of  the  femurs  of  ten  healthy  dogs,  all  approxi- 
mately of  the  same  age  and  all  adapted  to  laboratory  conditions,  on  a 
standard  diet.  The  marrows  of  five  dogs  were  graded  1  to  1.5;  of 
three,  2  to  2.5,  and  of  two,  3  to  3.5.  Thus,  in  a  series  of  ten  healthy 
normal  dogs  picked  at  random,  there  was  a  very  marked  difference  in  the 
marrows.  It  is  apparent  that  one  dog's  marrow  cannot  be  used  as  a 
control  for  that  of  another  in  laboratory  experiments;  and  when  it  is 
considered  that  the  dogs  used  for  experimental  purposes  are  of  the 
most  varied  mongrel  breeds,  it  is  not  surprising  that  their  marrows 
also  vary  in  character. 

A  similar  study  was  made  of  the  marrow  of  the  tibias  of  twelve 
rabbits.  The  erythrogenic  activity  of  the  marrows  of  two  rabbits  was 
graded  1,  of  six  2,  and  of  four  2  to  3.  The  leukogenic  activity  of  the 
marrows  of  seven  rabbits  was  graded  1  ;  of  the  marrow  of  one  rabbit, 
1  to  2 ;  of  the  marrows  of  two  rabbits,  2  to  3,  and  of  the  marrow 
of  one  rabbit,  3. 

These  findings  show  how  varied  are  the  marrows  of  individual 
rabbits,  even  though  many  of  these  were  from  the  same  litter  and 
grew  up  under  identical  environmental  conditions,  and  that  it  is  unsafe 
to  use  one  rabbit  to  control  another  in  an  experimental  study  of  the 
marrow. 

Specimens  of  marrow  from  the  ril:)s  midway  between  the  spine  and 
sternum  were  taken  from  fourteen  healthy  normal  dogs.  The  erj^hro- 
genic  activity  of  the  rib  marrows  of  nine  dogs  was  graded  1,  of  two 
1.5,  and  of  three  2.  The  leukogenic  activity  of  the  rib  marrows  of 
seven  dogs  was  graded  1,  of  two  1.5,  of  three  2,  and  of  two  2.5. 
Because  these  experiments  demonstrated  the  fallacy  of  controlling 
experiments  on  the  marrow  of  one  animal  with  the  marrow  of  another. 
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I  devised  a  new  nielliod  of  control  as  used  in  Series  5  of  the  experi- 
ments. The  essential  feature  of  this  method  is  the  removal  of  a  speci- 
men of  rib  marrow  before  splenectomy  for  a  control  of  successive 
specimens  taken  from  the  same  animal  after  splenectomy. 

HISTOLOGY     OF     THE     BONE     M.ARROVV 

In  all  main  respects  I  agree  with  the  admirable  description  of 
marrow  cell  groups  given  by  Pearce  and  Krumbhaar,^  whose  groupings 
were  a  moditication  of  those  previously  made  by  Bunting.-^  Valuable 
descriptions  of  the  morphology  of  the  cells  in  the  marrow  were  found 
in  Gruner's  *  "The  Biology  of  the  Blood  Cells." 

Marrow  cell  groups  are  usually  inixed,  erjlihrogenic  and  leukogenic. 
Very  rarely  a  purely  erythrogenic  or  purely  leukogenic  group  is  found ; 
but  commonly  in  groups  of  marrow  cells,  erythrogenesis  or  leukogenesis 
predominates  .so  largely  as  to  justify  the  description  of  the  group  as 
essentially  one  or  the  other.  After  a  close  study  of  the  function  of  the 
marrow  of  the  femur  and  rib  of  the  same  animal,  I  have  been  convinced 
that  leukogenesis  is  more  active  in  the  rib. 

Because  the  rib  marrow  quickly  shows  changes  in  activity  and 
reveals  small  degrees  of  change,  it  is  well  adapted  for  study.  The 
central  third  of  the  femur  marrow,  on  the  other  band,  is  tardy  in 
showing  changes  in  activity ;  and  only  after  quite  marked  changes  in 
the  marrow  function  elsewhere  is  there  a  jierceptible  modification  of  the 
marrow  of  the  central  third  of  the  femur.  For  these  reasons  the  rib 
marrow  is  a  better  index  of  change  than  the  femur  marrow. 

My  observations  on  the  marrow  of  the  dog  did  not  lead  me  to 
believe  it  to  be  a  seat  of  active  production  of  lymphocytes.  Because 
("lulland  and  Goodall  ^  describe  very  active  lymphogenesis  in  some 
marrows,  I  made  a  special  study  of  this  matter.  Specimens  of  spleen, 
lvm|)h  glands,  hemolymph  glands,  .ind  ribs  were  taken  from  the  same 
animal.  Direct  comjjarison  of  similarly  stained  speciinens  was  made 
between  known  lymphocytes  in  the  spleen  and  glands  with  lymphocyte- 
like cells  in  the  marrow ;  the  micrometer  was  frequently  used  to  com- 
pare exactly  the  relative  sizes.  By  such  a  direct  comparison  of  cells  in 
specimens  arranged  under  adjacent  microscopes.  I  was  convinced  that 
a  few  lymphocytes  occur  in  the  marrow  and  are,  apparently,  generated 
there.     A  significant  degree  of  lymphogenesis  was  observed,  however, 


3.  Bunting.  C.  H. :  Experimental  .\neniias  in  the  Ratil)it.  J.  Kxpcr.  Med. 
8:625-646.    1906. 

4.  Gruner.  O.  C. :  The  Biology  of  the  Blood  Cells,  with  a  Glossary  of 
Hematological  Term.s,   Bristol.  J.  Wright  and   Sons.    191.V 

5.  Giilland.  G.  E..  and  Goodall,  .\.:  The  Blood,  a  Guide  to  Its  Examination 
and  t<i  the  Diagnosis  and  Treatment  of  Its  Diseases.  Edinburgh.  W.  Green 
and  Sons.   1914.  p.  %  and  p.  110. 
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in  isolated  marnnv  .spfcimens  nf  Iwn  animals  cmly.  Il  api)ears  that 
lymphogenesis  can  occur  in  the  iiiarrnw  and  that  a  slight  degree  may 
be  common,  but  a  noticeable  active  lymphogenesis  is  rare. 

(  )ne  very  interesting  phase  of  the  histology  of  the  marrow  is  the 
method  by  which  the  rib  marrow  increases  its  capacity.  This  increase 
is  accomplished  by  several  changes  which  may  operate  separately  or 
all  together.  The  earliest  and  most  common  method  is  for  inarrow 
ce.ls  to  replace  the  fat  cells,  which  are  abundant  in  a  sluggish  marrow. 
If  there  is  a  continued  demand  for  hyperplasia  and  hyperactivity  of 
the  rib  marrow  beyond  that  which  can  be  met  by  simple  replacement 
of  fat  cells  by  marrow  cells,  an  enlargement  of  the  rib  marrow  cavity 
is  produced  by  a  thinning  of  the  bone  cortex  and  the  bony  septums 
which  divide  the  rib  cavity  into  compartments.  This  process  consists 
of  not  only  a  general  thinning  of  the  bone  cortex  of  the  rib,  but  also 
of  a  "honey-combing"  by  small  islands  of  marrow  cells  which  become 
larger  as  hyperplasia  increases.  When  specimens  were  prepared  from 
rib  resections  soon  after  splenectomy,  it  was  necessary  to  use  a  sharp 
saw  and  cut  through  quite  a  hard,  thick  bone  cortex;  but  as  hyper- 
plasia increased  in  the  rib  marrow,  the  rib  specimens  becaine  changed 
so  that  at  times  it  was  even  possible  to  cut  the  rib  sections  with  a  knife 
instead  of  a  saw,  and  even  macroscopically  the  thinning  of  the  bone 
was  evident. 

As  the  rib  marrow  space  was  thus  increased  in  size,  there  were 
simultaneous  changes  in  the  character  of  the  marrow  cells  therein.  In  a 
sluggish  marrow  most  of  the  cells  are  j^rimitive  cells,  myeloblasts  and 
myelocytes ;  normoblasts,  megaloblasts.  and  metainyelocytes  are  few. 
But  as  the  marrow  becomes  active  there  is  a  greater  preponderance  of 
these  intermediate  forms.  Large  numbers  of  megaloblasts  and  normo- 
blasts mean  an  active  erythrogenesis.  Numerous  metamyelocytes  fringed 
by  more  mature  leukocytes  are  likewise  interpreted  as  a  sign  of  active 
leukogenesis.  When  a  series  of  eight  or  nine  marrow  specimens,  taken 
at  regular  intervals  during  a  year  or  more  after  splenectomy,  is  studied 
under  the  microscope  so  as  to  trace  the  marrow  changes  step  by  .step, 
it  is  of  fascinating  interest  to  observe  how  hyperplasia  and  hyperactivity 
are  accnmplished  at  the  same  time  (F"igs.  1  to  11). 

I)I-:t.\iled    summ.'\rv    of    findings 

A  summar\-  of  the  observations  regarding  the  influence  of  splenec- 
tomy on  the  bone  marrow  is  essentially  an  analysis  of  the  charts  (Figs. 
12  to  20)  on  which  the  data  have  been  concentrated.  One  of  the  series 
of  protocols  has  been  appended  as  a  typical  illustration  of  the  experi- 
mental procedure  and  the  manner  of  recording  data. 

Changes  in  the  Erythrogenic  Function  of  the  Marrozv  After  Removal 
of  the  Spleen  of  a  Normal  Anim<iL — If  the  findings  relating  to  the  rib 
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nianow  cliaiiges  in  the  six  splenectomized  animals  of  Series  5  A 
(^operaled  on  under  etlier  anesthesia)  are  correlated,  the  average  erythro- 
genic  reaction  may  be  summarized,  a>  in  the  acconi])anying  table  and 
in  Figure  12 : 

1.  There  is,  on  the  average,  a  latent  ])eriod  of  four  weeks  before 
an  increase  in  erythrogenic  activity  is  observable. 

2.  Increased  erytiirogenesis,  first  observable  about  four  weeks  after 
splenectomy,  attains  its  maximum  degree  of  activity  after  from  eight 
to  twelve  weeks. 

3.  Maximal  erythrogenic  activity,  attained  about  twelve  weeks  after 
splenectomy,  persists  practically  unabated  for  about  twelve  weeks. 

4.  Thereafter  the  production  of  red  blood  cells  decreases  gradually 
until  a  period  v;irying  from  twenty-eight  weeks  to  one  )'ear  or  more 

Erythrogenesis   in   the  Marrow   of   Six   Dogs  After   Splenectomy 


I>32 

D230 

C98I 

D207 

DS08 

D979 

Average 

Time      before      observable 
increase       in       erythro- 
genesis 

.1  to  9 
weeks 

2  to  4 
weeks 

2  to  4 
weeks 

DtO» 

weeks 

8  to  12 
weeks 

Oto2 
weeks 

About  4 
weeks 

Time  n  hen  maximal  eryth- 
rogenesis  is   reached 

17 
weeks 

8 
weeks 

8 
weeks 

13 
weeks 

IS 
weeks 

2 
weeks 

8  to  12 
weeks 

Duration       of       maximal 
erythrogenesis 

6 
weeks 

20  to  25 
weeks 

9  to  12 
weeks 

fl  toS 
weeks 

12  to  20 
weeks 

15  to  20 
weeks 

12 
weeks 

Time    nliin    erythrogenesis 
has    (ti-erciiserl    to    fairly 
constant     degree    (some- 
what  above  normal) 

30 
weeks 

20 
weeks 

33 
weeks 

44 

weeks 

t 

28  or 
more 
weekst 

Erythrogenesis  still  very  active  on  completion  of   the  experiment  at  the  thirty-seventh 


after  splenectomy,  when  it  reaches  a  more  or  less  constant  degree  of 
activity,  which,  however,  is  still  considerably  above  normal,  that  is, 
above  the  degree  of  erythrogenesis  observed  in  the  marrow  of  the  same 
animal  in  a  specimen  removed  before  splenectomy. 

5.  Increased  erythrogenesis  is  observable  in  the  marrow  for  a  period 
of  four  weeks  or  more  before  any  reduction  in  the  anemia  following 
splenectomy  is  evident.  This  is  graphically  illustrated  by  the  respective 
curves  on  the  charts  (Figs.  13,  14,  and  17),  the  erjlhrogenesis  curve 
rising  at  times  in  advance  of  the  hemoglobin  and  erythrocyte  curves. 

6.  A  further  comparison  of  erythrogenesis  with  other  factors, 
which  were  studied  at  the  same  time,  shows  certain  very  interesting 
parallelisms.  On  the  one  hand,  erythrogenesis,  marrow  vascularity, 
and  marrow  cell  density  simultaneously  ■  increase,  and  on  the  other 
liand,  the  hemoglobin,  the  red  cell  count,  and  the  animal's  weight  form 
a  group  with  curves  running  remarkably  parallel  courses,  first  down- 
ward, during  the  development  of  the  anemia,  and  then  upward  until  they 
reach  or  exceed  a  normal  level. 
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Changes  in  the  Lcukugenic  function  of  the  Marrou'  After  Removal 
of  the  Spleen  of  a  Normal  Animal. — Three  of  the  six  animals  whose 
spleens  were  removed  under  ether  anesthesia  showed  a  spectacular 
increase  in  marrow  leukogencsis.  This  reaction,  occurring  in  only 
50  per  cent,  of  the  animals  operated  on  under  ether  anesthesia,  occurred 
immediately,  and  lasted  only  for  from  two  to  five  weeks  after 
splenectomy. 

If  in  conjunction  with  the  foregoing  observations  of  the  rib  marrow 
the  leukogenic  reaction  in  the  marrow  of  the  tibias  of  twelve  splenec- 
tomized  rabbits,  studied  after  the  effect  of  ether  anesthesia  had 
presumably  subsided,  is  considered,  I  am  inclined  to  believe  that  splenec- 
tomy itself  is  a  factor  in  the  cause  of  increased  marrow  leukogenesis. 
The  ether  used  as  an  anesthetic  for  splenectomy  seems  to  be  at  least 
a  contributing  factor  in  causing  the  leukogenic  reaction.  This  question 
of  the  real  cause  of  the  spectacular  increase  in  leukogenic  activity 
after  splenectomy  will  be  considered  more  fully  in  the  discussion  which 
follows. 
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Fig.    12. — Average    reaction    of    the    ril)    marrow    after    splenectomy. 

There  is  an  exact  parallelism  between  the  high  leukogenesis  in  the 
marrow  and  the  concurrent  high  leukocytosis  in  the  blood  stream 
(Fig.  13). 

Changes  in  the  Tibia  Marrow  of  Rabbits  Following  Splenectomy. — 
The  findings  in  the  study  of  rabbit  marrow  were  charted  and  retained 
in  this  report  to  illustrate  two  points :  ( 1 )  the  very  marked  differences 
in  the  marrow  of  apparently  healthy  animals  so  that  comparisons  appear 
to  conflict  in  most  respects,  and  (2)  the  increased  leukogenesis  in  the 
marrows  of  the  twelve  splenectomized  rabbits  during  the  first  few 
months  after  splenectomy  when  compared  with  the  marrows  of  thirteen 
nonsplenectomized  rabbits  (Figs.  19  and  20). 

Changes  in  the  Marrow  in  the  Control  Animals. — The  study  of  the 
marrows  of  many  nonsplenectomized  animals  at  intervals  of  from  six 
to  fifteen  months  revealed  the  variations  from  time  to  time  in  the 
marrows  of  normal  animals.  There  is  some  fluctuation  of  the  curves 
(Figs.  15,  16,  and  18)  which  suggests  that  hemopoiesis  is  somewhat 
periodic ;  but  in  general  the  curves  run  as  constantly  level  and  parallel 
as  could  be  expected,  considering  that  the  observations  extended  through 
diiTerent  seasons  of  the  year  and  included  many  minor  and  unavoidable 
variations  of  environment. 
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Fig.  16  (D  233).— Changes  in  the  marrow,  blood,  and  general  condition  in  a 
nonsplenectomized  animal.  Seven  rib  marrow  specimens  were  removed  under 
ether  during  nine  months  and  one  femur  marrow  specimen  was  removed  at 
the  lieginning  of  the  experiment.  The  findings  are  similar  to  those  in  two 
other  control  experiments  (D294  and  D240).  Aug.  22  and  Sept.  3,  1919,  ani- 
mal, healthy;  September  17.  wounds  clean,  It-mur  fractured;  October  15, 
healthy,  woiuids  clean;  Decemlier  12,  good  condition,  wounds  clean;  Feb.  4, 
1920,  healthy  l)Ut  slightly  underweight,  wounds  clean;  April  29,  fat,  heahby 
when  killed,  wounds  clean.     Necropsy   revealed   no  pathologic  condition. 
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Fig.  17  (D.M7). — Changes  in  the  marrow,  blood,  and  general  condition  after 
splenectomy  under  cocain  anesthesia.  Six  rib  marrow  specimens  were  removed 
under  cocain  anesthesia  during  thirty  weeks.  The  findings  are  similar  to  those 
of  one  other  experiment  (D376).  Animal,  healthy  and  in  uniformly  good 
condition  throughout  experiment.  Xccropsy  revealed  no  pathologic  condition, 
wound  healed  without  infection. 
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Fig.  18  (D338). — Changes  in  the  marrow,  lilnod,  and  general  condition  in  a 
nonsplenectomized  dog.  Seven  rib  marrow  specimens  were  removed  under 
cocain  anesthesia  during  forty  weeks.  The  findings  are  similar  to  those  in 
one  other  experiment  (D463).  Dog  in  healthy  condition  and  wounds  clean 
throughout  experiment;  no  pathologic  condition  found  on  examination,  after 
animal   had   been  killed. 
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Vifl.  19   (Composite  chart). — Changes  in  the  marrow  of  the  tibias  of  twelve 
nonsplcnectomized  rabbits. 
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Fig.  20  (Composite  chart). — Changes  in  the  marrow  of  the  tihias  of  thir- 
teen splencctomized   rabliits. 

Cci.M  ME.XT 

It  has  been  clearly  established  that  removal  of  the  s])leeii  of  a  healthy 
animal  is  followed  by  hyperplasia  and  hyperactivity  of  the  marrow 
which  begins  soon  after  splenectomy  and  persists  for  more  than  a 
year,  at  least.  This  reaction,  however,  may  not  be  primarily  the  result 
of  absence  of  the  spleen.  It  seems  more  probable  that  the  activity  of 
the  marrow  is  secondary  to  the  anemia,  which  follows  removal  of  the 
normal  spleen,  and  is  compensatory  to  that  anemia. 

It  is  remarkable  that  a  definitely  increased  erythrogenesis  in  tine 
marrow  may  precede,  by  several  weeks,  any  signs  of  a  reduction  of  the 
aneinia  following  splenectomy.  It  is,  of  course,  logical  tliat  signs  of 
increased  production  of  red  cells  in  the  marrow  should  precede  evidence 
of  improvement  in  the  blood,  as  cause  precedes  effect ;  but  the  fact  that 
a  ven,-  active  erythrogenesis  so  long  precedes  a  reduction  of  the  anemia 
indicates  that  whatever  destructive  agent  becomes  active  after  removal 
of  the  spleen,  it  is  so  jKitent  that  its  effect  can  be  compensated  onlv  bv 
prolonged  hyperactivity  and  hyperplasia  of  the  marrow. 

The  presence  of  a  prompt  and  markedly  increased  marrow  activity 
after  splenectomy  shows  that  postsplenectomy  anemia  is  due  to  no  fault 
of  the  marrow.  The  presumption  is,  rather,  that  some  extramedullary 
factor,  possibly  an  hemolysin,  is  the  cause.     Warthin "  has  suggested 


6.  Warthin.  A.  S. :  The  Changes  Produced  in  the  Hemolymph  Glands  of 
the  Sheep  and  Goat  by  Splenectomy.  Hemolytic  Poisons,  and  Hemorrhage. 
J.  M.  Research  7:435-4M.  1902. 
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that  after  removal  of  the  spleen  there  is  excessive  hemolysis  in  the. 
lymph  nodes  which  often  hypertrophy.  Since  the  spleen  is  a  main  site  of 
antibody  production,'  it  is  possible  that  after  splenectomy  the  ordinary 
hemolytic  factors  act  unchecked  and  unregulated.  Whatever  the  cause 
and  mechanism  of  postsplenectomy  anemia,  it  is  overcome  by  an 
increased  activity  of  the  marrow.  It  is  possible  that  the  effect  of  the 
presence  of  a  destructive  factor  or  the  absence  of  a  '"favorable  factor," 
normally  present,  gradually  subsides  or  entirely  disapj>ears  a  few  weeks 
after  splenectomy  so  that  the  marrow  has  only  to  overcome  a  temporary 
disadvantage.  The  increased  resistance  of  the  erythrocytes  after  splenec- 
tomy is  also  a  factor  which  probably  aids  in  recovery  from  post- 
splenectomy anemia,  especially  as  this  increased  resistance  improves 
with  the  length  of  time  after  operation. 

The  corresponding  increase  in  the  red  and  white  blood  cells  in  the 
blood  stream  that  accompanies  an  abundance  of  normoblasts,  megalo- 
blasts,  and  metamyelocytes  in  the  marrow  is  strong  evidence  that  new 
blood  cells  are  being  rapidly  manufactured  somewhere,  presumably 
in  the  marrow.  It  occurred  to  me  that  the  lymph  nodes  might  be  the 
site  of  active  production  of  blood  cells  in  the  absence  of  the  spleen. 
I,  therefore,  removed  specimens  of  axillary  and  mesenteric  lymph  glands 
from  each  animal.  While  there  were,  occasionally,  very  noticeable  signs 
of  hyperplasia  in  the  lym[)h  nodes  and  collections  of  normoblasts  in 
some  germ  centers  which  were  at  least  very  suggestive  of  moderately 
active  hemopoiesis,  I  did  not  observe  extensive  manufacture  of  blood 
cells ;  at  least  the  action  could  not  be  compared  with  the  extremely 
marked  changes  consistently  observed  in  the  marrow.  The  parallelism 
of  changes  in  the  marrow  and  in  the  blood  stream  is  so  exact  that  an 
intimate  causal  relationship  seems  certain.  The  objection  may  be  made 
that  there  is  no  real  increase  of  blood  cells,  but  only  a  decreased  destruc- 
tion. Such  an  interpretation  is  not  supported,  however,  by  observations 
after  removal  of  the  normal  spleen.  All  the  evidence  points  rather  to 
an  increased  destruction  of  red  cells.  Splenectomy  for  hemolytic 
jaundice,  however,  is  a  striking  example  of  a  decreased  destruction 
of  cells  after  removal  of  a  presumably  diseased  spleen. 

While  I  am  convinced  that  this  hypothesis  is  correct,  that  is,  that 
increased  vascularity,  increased  marrow  cell  density,  and  particularly 
the  presence  of  numerous  groups  of  normoblasts,  megaloblasts.  and 
metamyelocytes  are  evidences  of  increased  marrow  function,  I  must 
admit  that  such  marrow  changes  might  be  explained,  theoretically,  on 
the  basis  of  a  heightened  threshold  of  cell  output,  a  delayed  release  of 


7.  Hektoen,  Ludvig:    On  the  Formation  and  Fate  of  -Antibodies,  Harvey  Le 
tures,  Philadelphia.  J.   B.  Lippincott  Company,  1910,  pp.  150-191. 


JOH.\SrO.\E~SrLE.\ECTO.\fy  183 

cells  from  tlie  marrow  into  tlie  blood  stream,  by  a  retarding  of  the  rate 
of  marrow  cell  development,  or  both  these  factors  combined  to  produce 
an  accumulation  of  cells  in  the  marrow,  as  suggested  by  Ashby.' 

My  investigations  have  been  limited  to  a  study  of  marrow 
changes  which  follow  removal  of  the  spleen  of  healthy  and  apparently 
perfectly  normal  animals.  What  occurs  in  the  marrow  after  removal 
of  a  diseased  spleen  or  the  spleen  of  animals  affected  bv  such  diseases 
as  pernicious  anemia,  Banti's  disease,  kala-azar  and  leukemia,  may  be 
fundamentally  different.  If,  for  example,  in  pernicious  anemia,  splenec- 
tomy is  followed  by  a  long  contiiuied  hyperplasia  and  erythrogenic 
hy|jeractivity.  such  as  is  known  to  follow  removal  of  the  spleen  of  a 
normal  animal,  we  may  have  the  explanation  why  some  patients  with 
pernicious  anemia  have  shown  a  definite  and  quite  lasting  imjirovement 
after  splenectomy,  as  reported  recently  by  Giftin  and  Szlapka,''  and  bv 
Giffin.'o 

The  question  of  the  influence  of  ether  on  iho  marrow  i>  puzzling. 
I  planned  to  study  this  ])roblem  in  a  series  of  four  animals,  two  splenec- 
toniized  and  two  nonsplenectomized,  using  cocain  anesthesia  during 
splenectomy  and  resections  of  the  rib.  Ether  does  not  appear  to  be  a 
significant  factor  with  regard  to  erythrogenesis.  The  splenectomized 
animals  show  the  same  increase  in  erythrogenesis  when  ether  was  used 
as  when  cocain  was  used.  The  nonsplenectomized  animals,  equally 
subjected  to  ether  and  cocain,  failed  to  show  a  considerable  increase  of 
erythrogenesis.  Thus,  splenectomy,  or  its  resultant  anemia,  is  clearly 
the  precursor,  and  apparent  cause,  of  increased  erythrogenesis.  In  the 
study  of  the  relation  of  the  anesthetic  to  leukogenesis,  however,  indi- 
vidual variations  are  so  marked  and  the  leukogenic  reaction  so  incon- 
stant that  it  seems  doubtful  whether  a  series  of  four  animals  operated 
on  under  cocain  anesthesia  is  large  enough  to  cover  individual  variations. 
My  data  suggest  that  ether  is  a  very  important  factor  in  the  stimula- 
tion of  leukogenesis.  But  the  fact  that  none  of  the  control  animals 
showed  a  marked  change  in  leukogenic  activity,  although  they  were 
subjected  to  the  same  degree  and  length  of  ether  anesthesia  as  the 
splenectomized  animals,  is  evidence  that  brief  ether  anesthesia  alone  is 
insufficient  to  affect  the  leukogenic  function  of  the  marrow.  Mann  " 
has     observed    that    leukocytosis    usually     follows     prolonged    ether 


8.  Ashby,  Winifred:    Study  of  Tran.sfused  Blood.     II.  Blood  Destruction  in 
Pernicious  Anemia,  J.  Exper.  Med.  54:147-166   (.Aug.)    1921. 

9.  Giffin,  H.  Z..  and  Szlapka.  T.  L. :  The  Treatment  of  Pernicious  Anemia 
by  Splenectomy,  J.  A.  M.  A.  76:290-295   (Jan.  29)    1921. 

10.  Giffin.  H.  Z. :    Present  .Status  of  Splenectomy  as  a  Therapeutic  Measure. 
Minncs..ta  Med.  4:132-138  (March)   1921. 

11.  Mann.   F.   C. :    Some   Bodily   Changes   During  .Anesthesia.   J.  A.   M.   A. 
67:172-175   (Julv   15)    1916. 
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anesthesia,  that  is,  after  three  or  four  hours,  without  the  removal  of 
any  organ.  His  study,  however,  was  hmited  to  the  blood  changes.  The 
concurrent  marrow  function  can  only  be  inferred  from  the  changes 
seen  in  the  blood  stream. 

It  should  be  borne  in  mind  that  in  my  series  of  experiments  obser- 
vations of  the  marrow  were  not  made  earlier  than  two  weeks  after 
anesthesia  and  splenectomy.  It  is  possible  that  the  time  of  observation 
was  too  far  removed  from  the  time  of  stimulus  to  note  the  reaction. 
Further  investigation  is  necessary  to  arrive  at  definite  and  clear  cut 
conclusions  regarding  the  efifect  of  an  anesthetic  on  leukogenesis.  It 
is  certain  that  the  erythrogenic  reaction  observed  in  the  marrow  is 
independent  of  the  anesthetic. 

It  has  been  suggested  that  the  marrow  reaction  which  follows 
splenectomy  may  be  really  secondary  to  the  anemia  which  is  known 
to  follow  removal  of  the  normal  spleen.  It  is  possible  that  severe 
hemorrhage  or  repeated  small  hemorrhages  may  cause  the  same  marrow 
changes  as  removal  of  the  spleen.  Drinker,  Drinker  and  Kreutzman,'- 
in  their  study  of  the  influence  of  hemorrhage  and  infusion,  noted  in 
their  posthemorrhagic  cases  a  hyperplasia  of  the  marrow  with  extension 
into  the  shafts  of  the  long  bones  of  erythrocyte-bearing  tissue  and 
many  islands  ^-iiowing  erythrogenic  activity. 

Thus  hyperplasia  and  hyperactivity  of  the  marrow  after  splenectomy 
are  probably  physiologic  responses  to  a  demand  for  more  blood  cells 
and  may  have  no  direct  relation  to  tlie  absence  of  the  spleen.  Moreover, 
the  long  persistence  of  this  marrow  reaction,  a  persistence  of  liyper- 
function  which  far  exceeds  the  duration  of  postsplenectomv  anemia,  ma^■ 
be  likewise  an  expression  of  the  law  of  regeneration  in  excess. 

SUMM.ARY 

My  conclusions  regarding  marrow  changes  after  removal  of  the 
spleen  are  based  on  a  series  of  experimental  studies  of  twenty  dogs, 
forty  rabbits,  and  two  goats  during  a  period  of  approximatelv  two 
years. 

The  new  method  of  marrow  study  which  I  de\ised  for  this  series 
of  experiments  consists  of  five  essential  features :  (  1 )  a  rib  marrow 
specimen  removed  before  splenectomy  is  used  as  a  control  for  a  series 
of  subsequent  specimens  removed  at  intervals  after  splenectomy.  (2) 
Series  of  similar  rib  marrow  specimens  from  normal  nonsplenectomized 
dogs    furnish   an    additional    control    for   the   experiments.      (3)    Rib 


12.  Drinker.  C.  K. ;  Drinker.  Katlierine,  and  Kreutzman.  H.  .A.:  Influence 
of  Procedures  Designed  to  Increase  the  Rate  of  Blood  Flow  Tliroiigli  the 
Blood-Forming  Organs — Hemorrhage  and  Infusion,  I.  Exper.  Med.  27:.38,!-397 
(March)    1918. 
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marrow  specimens  removed  at  frequent  intervals  after  splenectomy 
give  a  connected  picture  of  marrow  changes.  (4)  The  observations 
on  the  marrow  are  correlated  with  parallel  observations  on  the  blood 
and  on  the  general  condition  of  the  animal.  (5)  Ether  anesthesia  and 
cocain  anesthesia  are  u.sed  in  sejjarate  series  of  experiments  in  order 
to  test  the  influence  of  the  anesthetic  on  the  marrow. 

Removal  of  the  spleen  of  a  normal  animal  is  followed  by  definite 
hyperplasia  and  hypertrophy  of  the  marrow.  The  most  constant  and 
tile  most  important  change  in  the  marrow  is  an  increased  production 
of  red  blood  cells  which  is  clearly  observable,  on  the  average,  within 
four  weeks  after  splenectomy  and  which  gradually  increases  to  the 
maximum  about  the  end  of  the  twelfth  week.  This  maximum  degree 
(if  activity  persists  for  about  twelve  weeks  and  then  gradually  subsides. 
Increased  production  of  the  white  blood  cells  is  sometimes  spectacular; 
it  occurs  almost  immediately  after  s])lenectomy,  but  it  is  not  only 
inconstant,  but  also  temporary   (Fig.   12). 

The  reaction  of  erythrogenesis  in  the  hone  marrow  clearly  i> 
independent  of  any  of  the  anesthetics  used.  The  series  of  experiments 
was  too  small  for  conclusive  findings  with  regard  to  the  effect  of  the 
anesthetics  on  leukogenesis. 

The  marrow  reaction  which  follows  splenectomy  probably  is 
secondary  and  compensatory  to  the  anemia  which  follows  removal  of 
the  normal  spleen,  thus  representing  a  physiologic  response  to  a  demand 
for  more  blood  cells,  h  may  have  no  direct  relation  to  the  ab.sence  of 
the  spleen.  The  persistence  of  this  marrow  reaction,  which  far  exceeds 
the  duration  of  post  splenectomy  anemia,  niav  likewise  be  an  expression 
of  the  law  of  regeneration  in  excess. 

I'ROTOCOI.  * 

Dcm;  .?2.  a  mongrel  terrier,  in  good  condition,  weighed  92  kg.  July  11. 
1919;  the  erythrocytes  numbered  8.000,000;  the  leukocytes  13,050,  and  the  hemo- 
globin was  80  per  cent. 

July  14,  under  aseptic  conditions  the  spleen  and  a  piece  of  the  rib  on  the 
right  side  were  removed.  The  specimens  were  preserved  in  Zenker's  solution. 
The  spleen  weighed  22  gin.  E.xamination  of  the  first  specimen  of  rib  marrow 
showed  large  islands  of  marrow  cells  and  many  erythrocytes.  A  few  normo- 
blasts indicated  sluggish  erythrogenesis.  Leukogenesis  was  more  active. 
There  was  a  small  central  cavity  well  filled  willi  marrow  cells.  The  bone 
cortex  was  thick  and  honeycombed  with  small  islands  of  marrow  cells.  The 
vascularity  was  graded,  1 ;  activity,  I ;  erythrogenesis,  1 :  leukogenesis,  1,  and 
density  2. 

July  28,  the  erythrocytes  numbered  3.7.%,OO0;  the  leukocytes  31.900,  and 
the  hemoglobin  was  65  per  cent. 

.August  1,  a  second  specimen  was  removed  under  ether  anesthesia.  The 
operation  lasted  twelve  minutes.     Examination  of  the  specimen  showed  numer- 
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oils  norinohlasts  suggesting  suiuc  eryllirogciiic  activity,  but  Icukogenesis  greatly 
predominated.  The  marrow  was  definitely  more  active  than  that  of  the  first 
specimen,  the  control  specimen ;  its  leukogenesis  was  very  high.  The  vascu- 
larity was  graded  2;  activity  ,1  to  4:  erytlirogenesis  1;  leukogenesis  3  to  4. 
and  density  2. 

August  12,  the  dog  appeared  to  be  in  good  condition  although  thin.  The 
blood  was  thin;  but  the  wounds  had  healed  without  infection.  The  erythro- 
cytes numbered  .5,296,0()();  the  leukocytes  14,700,  and  the  hemoglobin  was  35 
per  cent. 

August  13,  a  third  specimen  was  removed  from  the  left  side,  midway  between 
the  spine  and  sternum.  The  pleura  was  not  injured.  E.xamination  showed 
large  islands  of  active  marrow  cells.  Leukogenesis  definitely  predominated 
over  erythrogenesis.  The  bone  corte.x  was  still  thick,  but  the  cavity  was 
alinost  solidly  packed  with  marrow  cells.  The  vascularity  was  graded  2 ; 
activity  2  to  3;  erythrogenesis  1  to  2,  and  density  2  to  3.  In  general,  the  third 
specimen  was  about  the  same  as  the  second, 

September  9,  the  wounds  were  clean;  the  animal  was  very  thin,  weigliing 
only  5.5  kg.  The  erythrocytes  numbered  4,290,0(10;  the  leukocytes  20,000.  and 
the  hemoglobin  was  40  per  cent. 

September  10,  a  fourth  specimen  was  removed  without  injury  to  the  pleura. 
The  operation  lasted  twelve  minutes,  under  brief  ether  anesthesia.  Examina- 
tion of  the  specimen  showed  large  islands  of  marrow  cells  with  active  hemo- 
poiesis. Leukogenesis  still  predominated  over  erythrogenesis ;  however,  the 
latter  had  definitely  increased  over  that  in  tlie  second  and  third  specimens. 
The  specimen  showed  a  marked  contrast  to  the  first  specimen ;  the  marrow- 
core  was  almost  a  solid  mass  of  active  marrow  cells  ;  the  bone  septums  were 
few  and  thin,  and  the  marrow  islands  were  all  confluent  into  a  solid  core.  The 
vascularity  was  graded  3;  activity  3;  erythrogenesis  2;  leukogenesis  2  to  3,  and 
density  2  to  3,  The  definite  increase  in  erythrogenesis  was  now  equal  to  the 
leukogenesis. 

October  4,  a  review  examination  of  the  four  specimens  was  made  with  a 
special  bifocal  microscope.  The  notes  and  drawings  are  oinitted  because  the 
findings  essentially  corroborated   those  of   former  examinations. 

November  4,  the  dog  weighed  7.8  kg. ;  its  condition  was  good.  The  erythro- 
cytes numbered  5,070,000;  the  leukocytes  15,800.  and  the  hemoglobin  was  50 
per  cent.  November  5,  the  fifth  specimen  was  removed.  Exatnination  showed 
an  active,  dense  mass  of  marrow  cells.  The  vascularity  was  graded  3;  activity 
3;  erythrogenesis  3  to  4.  and  density  3.  Three  other  slides  of  the  same  specimen 
gave  the  saine  formula. 

Jan.  28,  1920,  the  dog  weighed  8.3  kg.;  it  was  thin  and  listless,  but  the 
wounds  had  healed  without  infection.  The  erythrocytes  numbered  3,610,000; 
the  leukocytes  24,300,  and  the  hemoglobin  was  50  per  cent.  The  sixth  specimen 
was  removed  from  a  point  midway  between  the  spine  and  sternum.  Examina- 
tion showed  the  marrow  less  active  than  that  of  the  fifth  specimen.  There  was 
slight  filirosis.  The  vascularity  was  graded  3;  activity  2  to  3;  erythrogenesis 
2  to  3 ;   leukogenesis  2.  and  density  2  to  3. 

April  21,  the  dog  weighed  9.9  kg.;  its  condition  was  good.  The  erythro- 
cytes numbered  3,800,000 ;  the  leukocytes  28,000,  and  the  hemoglobin  was  58 
per  cent.  April  22,  the  seventh  specimen  was  removed.  Examination  showed 
large  marrow  cell  islands,  active  and  dense.     The  bone  cortex  was  still  quite 
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thick,  but  it  had  been  much  honeycombed  by  small  islands  of  marrow  cells. 
The  vascularity  was  graded  3;  activity  3;  erythrogencsis  3;  leukogenesis  3. 
and  density  3. 

July  13.  the  dog  weighed  9.4  kg.:  its  condition  was  good  although  it  was 
anemic.  The  erythrocytes  numbered  4.790.000;  tlie  leukocytes  13.950,  and  the 
hemoglobin  was  68  per  cent.  July  15,  the  animal  was  etherized  and  an  imme- 
diate necropsy  performed.  Specimens  of  rib  marrow  from  numerous  places, 
all  midway  between  the  spine  and  the  sternum,  specimens  of  marrow  from  the 
central  part  of  the  femur,  the  hemolymph  nodes,  the  mesenteric  and  axillary 
lymph  nodes,  and  the  liver  were  all  sent  to  the  laboratory  in  Zenker's  solu- 
tion. The  hemolymph  nodes  seemed  to  be  slightly  hypertrophied,  the  largest 
was  4  mm.  in  diameter.  The  thorax  was  free  from  adhesions  and  signs  of 
infection ;  the  pleura  was  smooth  and  shiny  everywhere  in  spite  of  the  numer- 
ous rib  resections.  The  animal  seemed  to  have  recovered  entirely  from  the 
severe  anemia.  The  vascularity  of  the  eighth  specimen  was  graded  2 ;  activity 
3;  erythrogencsis  2  to  3;  leukogenesis  2  to  3,  and  density  2. 


PATHOLOGIC    CUA.NCjKS    ix\     AlUSCLE    AS    A    RESULT 
OF    DISTURBANCES     OF    CIRCULATION 

AN     EXPERIMENTAL     STUDY     OF     VOLKMANn"s     ISCHEMIC     PARALYSIS* 
BARNEY     BROOKS,     -M.D. 

ST.      LOUIS 

Stenson  '  first  called  attention  to  tlie  fact  that  paralysis  of  the 
posterior  extremities  of  an  animal  may  follow  occlusion  of  the 
abdominal  aorta.  Schiffer  -  believed  this  paralysis  was  of  central, 
rather  than  peripheralj  origin.  \'olkmann  ^  described  a  paralysis  and 
contracture  of  muscles  which  followed  the  application  of  a  constricting 
bandage  and  expressed  the  opinion  that  the  cause  of  this  condition  was 
obstruction  of  the  arteries  and  anemia  of  the  muscles  of  the  constricted 
extremity.  Leser  *  reported  seven  instances  in  which  paralysis  and 
contracture  of  muscles  followed  the  application  of  constricting  bandages, 
and  from  animal  experiments  he  believed  that  the  paralysis  and  con- 
tracture of  iht.'  muscles  was  caused  by  a  deprivation  of  the  muscles 
of  arterial  blood.  Both  \'olkmann  and  Leser  recognized  that  the 
paralysis  and  contracture  were  associated  with  marked  manifestations 
of  inflammation. 

Since  Volkmann's  paper  it  has  become  customary  to  refer  to  all 
cases  of  muscle  paralyses  and  contractures  following  constrictions  of 
extremities  as  \'olkmann's  ischemic  paralysis  or  Volkmann's  ischemic 
contracture.  The  number  of  cases  recorded  in  the  literature  is  not 
large.  Powers  ^  was  able  to  collect  only  fifty-two  instances.  The 
frequency  of  this  condition  is  certainly  much  greater  than  one  would 
be  led  to  believe  from  the  number  of  reported  instances.  Leser  ^ 
describes  the  clinical  manifestation  of  \'olkmann's  ischemic  paralysis 
as  follows ; 

Shortly  after  the  constricting  bandage  is  applied  to  the  forearm,  the  hand 
begins  to  swell  and  there  is  severe  pain.  The  patient  may  complain  of  numbness 
or  parasthesia  of  the  fingers.  The  pain  and  swelling  may  develop  so  rapidly 
that  the  bandage  is  removed  in  an  hour.     If  the  bandage  is  removed  only  after 


*  From  the  Department  of  Surgery.  Washington  University  Medical  School. 
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twenty-four  hours,  then  the  fingers  show  marked  contracture  and  the  muscles 
of  the  forearm  feel  hard  and  stiff.  Not  the  slightest  active  movement  is  possible 
and  attempts  at  passive  movement  of  the  fingers  cause  great  pain. 

Soon  after  the  removal  of  the  bandage,  often  within  an  hour,  a  marked 
swelling  in  the  muscles  of  the  forearm  begins.  This  acute  inflammatory  reaction 
in  the  muscles  reaches  a  maximum  in  about  twenty-four  hours  and  then 
gradually  subsides  and  a  marked  contracture  of  the  muscles  follows. 

The  pathogenesis  of  Xulkiiiann's  ischemic  paralysis  was  believed 
by  him  to  be  as  follows :  The  paralysis  and  contracture  which  follow 
a  constricting  bandage  applied  to  the  forearm,  or  which  occurs  less 
commonly  in  the  lower  extremity,  are  of  ischemic  origin.  They 
may  be  entirely  independent  of  pressure  on  nerves.  They  are  the 
result  of  a  de]3rivation  of  the  extremity  of  arterial  blood.  An  accom- 
panying venous  stasi.s  inerely  hastens  the  development  of  the  pathologic 
condition.  The  deprivation  of  the  muscle  of  oxygen  results  in  a  degen- 
eration of  the  muscle  fibers  and  later  their  absorption.  The  contracture 
is  to  be  considered  simply  as  a  rigor  mortis.  It  is  characteristic  of  the 
condition  that  paralysis  and  contracture  develop  simultaneously. 

Other  views  have  been  recorded  as  regards  the  pathogenesis  of 
\'olkniann's  ischemic  paralysis.  Bardenheuer "  believed  that  the  patho- 
logic condition  in  the  muscles  was  caused  by  vascular  disturbance  in  the 
nature  of  a  venous  stasis  and  that  the  degeneration  of  the  muscle  fibers 
was  due  to  toxic  metabolic  products  which  are  retained  in  the  muscle. 
Rowlands  "  believed  that  the  paralysis  and  contracture  are  the  result 
of  the  sudden  relief  of  pressure  on  the  muscle,  allowing  the  blood  to 
congest  the  muscle.    J.  B.  Murphy"  whites: 

We  believe  that  it  is  a  pressure  ischemic  myositis  from  homorrliage  and 
effusion  into  the  muscles,  aided  by  the  constriction  of  a  splint  or  bandage  or  a 
tight  skin,  which  leads  to  a  myositis  from  pressure  anemia  and  later  to  a 
contracture  of  the  muscle  as  a  whole  and,  therefore,  a  shortening  of  the  muscle 
tendon. 

As  the  result  of  a  fracture,  the  tissues  are  bruised;  a  blood  and  serum 
effusion  follows,  and  the  tension  in  the  subfascial  zone  in  the  forearm  can  be 
so  great  as  to  cause  cyanosis  of  the  whole  forearm  and  hand.  A  blood  clot 
forms  in  the  tissues  and  inflammation  follows  with  a  deposit  of  inflammatory 
products  in  the  tissues.  We  believe  injury  to  the  artery  plays  little  or  no  role 
in  the  destruction  of  the  protoplasm  of  the  muscle  cells.  .  .  .  The  obstruction 
is  in  the  veins  and  not  the  arteries.  .  .  .  The  radial  pulsations  are  present 
throughout  the  entire  course  of  some  of  the  cases. 

Others,  as,  for  example,  Thomas,  believe  the  paralysis  and  con- 
tracture following  the  application  of  a  constricting  bandage  to  he  due 
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priniarilv  to  nerve  injury.  Still  others  comment  tm  tlie  more  or  less 
constant  association  of  primary  muscle  injury  and  nerve  lesions  in 
these  cases. 

The  pathologic  condition  found  in  the  muscles  of  patients  with 
Volkmann's  ischemic  paralysis  has  been  described  by  Leser  and  Powers. 

Powers  described  the  muscles  as  they  appeared  in  a  patient  operated 
upon  sixteen  months  after  the  onset  of  the  disease.  The  muscles 
were  pale  red  and  very  tough  and  fibrous.  Microscopic  examination 
revealed  a  great  hyperplasia  of  connective  tissue  around  and  between 
the  bundles  of  muscle  fibers.  The  connective  tissue  was  dense  and 
consisted  chiefly  of  adult  connective  tissue  fibers  containing  a  moderate 
numljer  of  blood  vessels,  most  of  which  had  well  developed  walls.  This 
fibrosis  was  so  complete  that  in  many  areas  no  muscle  tissue  was 
present.  Muscle  tissue  appeared  atrophic  and  fragmented.  Many 
fibers  had  lost  their  nuclei  and  transverse  striations,  having  the  appear- 
ance of  broad  ribbons  of  delicate  fibrillar  tissue.  Other  fibers  had  a 
glassy  homogeneous  appearance,  with  a  marked  affinity  for  acid  stains. 
Their  appearance  and  reaction  strongly  suggested  hyaline  degeneration. 
Osmic  acid  preparations  showed  a  moderate  amount  of  fatty  infiltration 
of  the  connective  tissue.  No  fatty  degeneration  of  muscle  fibers  was 
found. 

Leser  described  the  appearance  of  nni>cle  tissue  removed  from  a 
patient  suffering  with  a  Volkmann's  contracture  of  .six  weeks'  duration 
or  longer.  In  gross  the  muscle  was  much  paler  than  normal.  On  micro- 
scopic examination  the  muscle  fibers  showed  evidences  of  degeneration 
manifested  by  breaking  up  of  the  fibers  into  Bowman's  disks,  loss  of 
muscle  nuclei  and  marked  decrease  in  the  size  of  the  muscle  fibers. 
There  was  no  fatty  degeneration  of  the  muscle.  There  were  evidences 
of  an  acute  inflammatory  reaction  manifested  by  a  marked  leukocytic 
infiltration.  There  was  also  a  marked  growth  of  very  cellular  con- 
nective tissue,  which  in  many  areas  had  completely  replaced  muscle 
tissue.  The  author  describes  in  detail  the  endothelium  of  small  vessels. 
It  was  not  flat  but  thick.  This  he  interprets  as  being  due  to  the  fact 
that  endothelial  cells  are  elastic,  and,  hence,  when  the  blood  pressure 
in  small  vessels  was  decreased,  the  endothelimn  became  much  thicker. 
He  states  that  the  changes  seen  in  the  muscle  indicated  two  processes  at 
work:  (1)  degeneration  of  the  muscle  tissue;  (2)  a  marked  inflam- 
matory process  in  the  muscle. 

In  addition  to  the  paralysis  and  contractures  which  follow  the 
application  of  constricting  bandages,  paralysis  following  ligature  of 
large  arteries  for  wounds  has  been  described  by  Sherril,"  Hirschmann.'" 
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Verdelit."  Burrows  '-  and  Leriche.'-'  Lericlie  lielieved  that  the  paralyses 
were  not  due  so  much  to  the  actual  damage  to  the  artery  as  to  the 
accompanying  vasomotor  nerves.  Desplats  and  Buquet  thought  the 
paralyses  were  due  to  temjwrary  or  permanent  ischemia  of  the  terminals 
of  the  nerves.  Burrows  thought  the  paralyses  and  anesthesias  follow- 
ing the  ligature  of  large  arteries  were  hoth  of  ischemic  and  reflex 
nature.  In  the  former  there  was  complete  cessation  of  the  pulse  in  tlie 
large  arteries,  subjective  sensations  of  ])ins  and  needles,  stocking  and 
glove  anesthesia  and  muscular  paralysis  with  the  muscles  hard  and 
inelastic.  In  the  reflex  paralysis  the  pulse  in  the  larger  arteries  was 
not  completely  lost.  There  were  no  subjective  sensations.  There  was 
widespread  anesthesia  and  muscular  paralyses  in  which  the  muscles 
were  soft  and  flaccid. 

In  a  single  case  in  which  extensive  paralysis  followed  ligature  of 
the  popliteal  artery,  the  gross  and  micro.scopic  appearance  of  the 
paralyzed  mu.scles.  from  eleven  to  fourteen  days  after  the  injury,  was 
described.  The  muscle  gave  the  appearance  of  an  anemic  infarct.  The 
muscle  fibers  and  interstitial  tissue  stained  a  uniform  pink  with  eosin. 
The  muscles  showed  extensive  degeneration.  Some  preserved  their 
striae  but  no  nuclei.  Others  apjieared  as  granular  masses.  Some  were 
broken  transversely  into  disks  and  others  split  longitudinally  into 
fibrillae.  The  interstitial  tissue  was  edematous  and  almost  no  nuclei 
were  seen.     There  zvas  but  a  slight  trace  of  inflammatorx  reaction. 

Tinel  '*  writes  concerning  ischemic  jxiralysis  thus : 

In  the  first  phase  ot  ischemic  paralysis  of  the  upper  extremity  the  atTccted 
limb  is  edematous,  cyanoscd  and  cool,  .\fter  a  [Mriod  of  two  or  three  months, 
there  is  fibrous  transformation  of  this  edema.  This  progressive  sclerosis  makes 
the  subcutaneous  cellular  tissue  puffy,  invades  the  dermis,  contracts  the  muscles, 
hardens  the  aponeuroses,  submerges  the  tendons  and  synovial  sheaths  into  a 
veritable  fibrous  mass,  gives  the  tissue  a  woody  consistence,  and  finally  transforms 
the  hand  into  a  fibrous  bat.  With  this  characteristic  appearance  are  associated 
certain  signs.  There  is  a  complete  absence  or  marked  diminution  in  the  radial 
pulse  with  a  much  lower  blood  pressure  than  on  the  nonaffected  side.  There 
is  almost  always  pain,  accompanied  by  subjective  sensation,  as  burning,  tingling 
or  formication.  Deep  pressure  or  contact  with  heat  or  cold  is  often  very  painful. 
Some  cases  of  ischemic  paralysis  are  almost  free  from  pain.  In  contrast  with 
this  painful  sensibility  which  appears  to  be  deep  seated,  there  is  usually  consid- 
erable anesthesia  affecting  all  the  superficial  sensations.  The  anesthesia 
predominates  at  the  extremity  of  the  limb  and  decreases  toward  its  origin. 
The  electrical  reactions  of  the  muscles  are  profoundly  disturbed.  We  find  the 
typical  reaction  of  degeneration,  particularly  hypcrexcitability.  sometimes  with 
abolition  of  all   electrical  excitability.     This   is  rather  the   svndrome  of  fibrous 
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traiisfiiniiation  of  the  muscles.  The  muscles  may  react  only  to  a  very  intense 
current.  'I'liere  is  no  ])olar  inversion  and  often  stimulation  of  the  nerve  at  a 
distance  provokes  nio\eiiu-nts  more  readily  than  does  excitation  of  the  muscle. 

It  wciiild  seem,  therefore,  from  these  chnical  observations  that  there 
was  such  a  thing  as  a  paralysis  of  muscles  following  an  obstruction  of 
ihe  hliKiil  supply  to  these  muscles,  and  that  the  paralysis  might  be 
independent  of  injury  to  nerve  trunks.  The  evidence,  however,  for 
such  a  conclusion  is  not  complete  since  the  possibility  of  injury  to 
nerve  trunks  has  always  to  be  considered  in  instances  in  which  wounds 
of  vessels  have  occurred  or  instances  in  which  constricting  bandages  are 
applied  to  an  extremity.  It  is  worth  while  noting  here  that  actual 
paralysis  of  muscles  is  not  noted  in  a  collection  of  ligations  of  great 
\-es,sels,  such  as,  for  example,  in  tiiat  of  Halsted's  collection  of 
instances  of  ligation  of  the  common  iliac  artery,  although  gangrene  of 
the  extremity  was  noted  in  a  considerable  number  of  instances.  Further- 
more, paralysis  of  muscles  does  not  accompany  progressive  obliteration 
of  arteries  in  arteriosclerosis  even  when  the  occlusion  is  so  extensive 
as  to  cause  gangrene. 

There  are  two  distinct  phases  of  ischemia  which  have  not  been 
differentiated.  The  arterial  blood  supply  to  an  extremity  inay  be 
markedly  decreased  over  an  indefinite  period  or  the  extremity  may  be 
completely  deprived  of  blood  for  a  limited  period  only.  The  suscepti- 
bility of  the  various  tissues  concerned  to  these  different  types  of 
ischemia  has  not  been  studied. 

The  results  of  the  obstruction  of  the  veins  alone  or  the  arteries 
alone  of  an  isolated  muscle  have  not  been  studied. 

i-:xim:rim[-:xts   with   tourxiquets,    splints,    and   pl.aster   b.vndages 

Three  experiments  in  which  constricting  bandages  were  apjilied  to 
the  extremity  were  carried  out.  In  one  instance  a  tight  muslin  bandage 
was  applied  above  the  elbow  of  a  dog  and  left  in  place  for  twenty- 
four  hours.  The  animal  was  given  frequent  doses  of  morphin  in  order 
to  pre\ent  as  much  as  ]X)ssible  the  severe  pain  which  would  seem  almost 
certainly  to  accompanv  such  a  procedure.  At  the  end  of  this  time,  the 
extremity  distal  to  the  bandage  was  very  much  swollen  and  cold.  The 
bandage  was  removed.  The  swelling  promptly  disappeared  and  no 
paralysis  was  observed.  In  another  experiment  a  very  tight  Esmarch 
rubber  bandage  was  applied  above  the  elbow  of  a  dog  and  left  in  posi- 
tion for  a  period  of  five  hours.  When  it  was  removed  there  was 
complete  paralysis  of  the  muscles  of  the  extremity  distal  to  the  bandage, 
and,  apparently,  a  marked  impairment  of  sensation.  The  animal  was 
allowed  to  live  for  a  period  of  three  weeks,  dtiring  which  time  the 
paralysis  remained  complete.  The  muscles,  however,  remained  soft 
and  flaccifl.  and  microscopic  examination  revealed  nothing  more  than 
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tlie  decrease  in  size  of  the  fibers  and  the  loss  of  definition  of  the  stria- 
tion  which  is  seen  after  nerve  section.  In  another  experiment  a  tight 
rubber  bandage  was  applied  above  a  dog's  elbow  and  left  in  place  for 
five  hours.  A  complete  paralysis  of  the  fore  leg  resulted.  The  animal 
was  anesthetized  on  the  following  day  and  the  nerves  and  muscles 
exposed.  It  was  found  that  stimulation  of  the  nerve  trunks  above  the 
level  of  the  tourniquet  caused  no  muscle  contractions,  while  stimulation 
of  the  same  nerves  below  the  level  of  the  tourniquet  caused  prompt 
contraction  of  the  muscles. 

From  these  and  a  few  other  preliminary  experiments,  it  seemed  that 
with  any  method  of  constriction  of  the  entire  e.xtremity  it  was  difificult 
to  separate  the  effect  of  direct  pressure  on  the  nerves  and  the  circu- 
latory disturbance  of  the  various  tissues  as  causes  of  any  paralysis 
obtained.  Furthermore,  the  degree  and  character  of  circulatory  dis- 
turbance could  not  be  controlled. 

ICXPKKIMK.XTS     IN      WIIKII     TilEKIi     WAS     I'ER.M  .\KI;NT     OHSTRUCTIOX 
OF     Til?:     PRIMARV     ARTERIES     OF     AN      EXTREMIT\ 

The  circulation  in  the  dog  is  of  such  a  nature  that  ligation  of  any. 
single,  large,  peripheral  artery  produces  no  disturbance  in  circulation 
of  sufficient  degree  to  alter  the  function  of  an  extremity.  A  marked 
disturbance  in  the  function  of  the  posterior  extremities,  however,  does 
follow  ligature  of  the  abdominal  aorta  between  the  origins  of  the 
inferior  mesenteric  and  iliac  arteries.  The  function  of  one  posterior 
extremity  may  be  altered  by  unilateral  multiple  ligations  of  the  terminal 
branches  of  the  aorta.  That  this  disturbance  in  function  is  not  due  to 
any  disturbance  in  circulation  in  the  spina!  cord  is  clearly  shown  by 
the  fact  that  none  of  the  arteries  ligated  send  any  branches  to  this 
structure ;  and,  furthermore,  the  artery  may  l)e  obstructed  for  several 
hours  and  on  removal  of  the  obstruction  there  may  be  a  complete 
recovery  from  the  paralysis.  This  is  in  contradiction  to  the  known 
fact  that  the  brain  and  cord  will  not  recover  function  after  mucli 
shorter  periods  of  anemia. 

REPORT     CF     EXPERIMENTS 

ExrKRiMiNT  101. — Dog  41,  a  large  female,  was  operated  on  lunler  ether 
anesthesia.  May  19. 1921.  The  abdomen  was  opened;  the  aorta  was  ligated  i)roxi- 
mal  to  the  origin  of  the  iliac  arteries  and  the  abdomen  was  closed.  Five  honrs 
after  operation,  the  animal  was  standing  in  the  cage.  Both  thighs  were  warm. 
The  legs  and  feet  were  "cool"  Init  not  "cold."  Twenty-four  hours  after  oper- 
ation the  animal  was  taken  from  the  cage.  It  walked  with  the  hind  legs  held 
rather  stiffly:  but  it  started  walking  with  very  little  difficulty,  .^fter  walking 
about  100  feet  (30.5  meters)  the  hind  legs  began  to  "give  way":  and  after  a  few 
minutes  of  effort  to  walk,  the  hind  legs  became  apparently  completely  useless.  The 
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animal  was  alloweil  to  rest  for  tlirec  liours,  after  which  the  experience  described 
above  was  repeated.  At  tliis  time  the  disability  appeared  after  somewhat 
more  exertion. 

After  three  days  tlie  animal  was  api)arently  quite  normal  and  did  not  show 
any  evidence  of  weakness  in  the  hind  legs  after  fifteen  minutes  walking.     Four 
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Fig.  1. —  rhotoniicrograpli  of  a  cross  section  of  the  tibialis  antiLUs  muscle 
fourteen  days  after  ligation  of  the  primary  arteries  of  the  extremitx,  showing 
an  area  of  degeneration  of  the  muscle.  The  area  of  degeneration  is  sharply 
circumscribed.  There  is  no  evidence  of  acute  inflammatory  reaction  in  the 
area  of  degeneration  or  in  tlie  surrounding  nondegenerated  muscle.  See  descrip- 
tion of  Experiment  2)1 . 

months  after  operation,  the  animal  was  apparently  perfectly  normal.  It  was 
killed.  The  left  feinoral  artery  was  divided  in  the  midthigh  and  the  proximal 
stump  injected  with  a  thin  paste  made  of  freshly  precipitated  barium  sulphate. 
-A   roentgenogram  of  the  entire  animal  showed  a  complete  injection   of  all  the 
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arteries  of  the  body.  The  paths  of  comniunication  between  the  proximal  and 
distal  stumps  of  the  ligated  aorta  was  through  the  anastomoses  of  the  mammary 
and  the  deep  epigastric  arteries.  These  anastomotic  arteries  lay  in  the  rectus 
abdominis  muscles.  The  communicating  branches  were  surprisingly  few  in 
number  and  small  in  size.  It  was  most  remarkable  to  find  that  such  a  small 
arterial  communication  between   the  heart   and   the  arteries  nf  the  pelvis  could 


Fig.  2. — High  power  magnification  of  the  degenerated  area  shown  in  Figure  1. 
The  absence  of  leukocytic  infiltration  or  fibrous  tissue  formation  may  be  noted. 

preserve  the  apparently  perfect  anatomic  and  functional  integrity  of  the  entire 
posterior  half  of  the  body. 

ExPKRiMKNT  37. — Dog  73,  was  operated  on,  March  4,  1921,  uniler  ether  anes- 
thesia. The  abdomen  was  opened  and  the  aorta  ligated  distal  to  the  origin  of  the 
iliac  arteries ;  the  left  iliac  artery  was  ligated.  and  the  abdomen  was  closed.  An 
incision  was  made  in  the  middle  of  the  left  thigh  and  the  femoral  artery  was 
ligated.     The  wound  was  closed. 
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Three  lumps  after  operation  the  animal  walked  on  the  leg.  The  leg  felt 
cold;  the  nniscles  of  the  leg  felt  tense,  and  the  animal  walked  as  if  he  had 
a  peg  leg.  There  was  no  evidence  of  pain,  no  swellinsf.  and  no  edetna.  Six  hours 
after  operation  the  condition  was  the  same.  The  muscles  of  the  leg  were  tense. 
No  voluntary  mo\enient  could  he  detected.    The  animal  flinched  from  a  pin  prick 


Fig.  3. — Photomicrograph  of  a  cross  section  of  an  "isolated  muscle"  twentj-- 
four  hours  after  ligation  of  its  vein,  showing  extravasation  of  blood  into  the 
muscle  and  nerves ;  the  vein  is  occluded  by  a  thrombus ;  the  artery  is  not 
thrombosed. 

anywhere  in  the  leg.  When  the  animal  attempted  to  step  on  the  foot  the  toes 
turned  backward.  Twenty-four  hours  after  operation  the  muscles  of  the  leg 
were  tense,  .^pparently  there  was  weakness  but  not  complete  paralysis.  There 
was  no  swelling  and  no  contracture.  Two  days  after  operation  the  animal  did 
not  use  the  leg  for  walking.  The  muscles  were  held  tense.  There  was  no 
swelling  below   the  knee.     The   thigh   was   slightly   swollen  and   apparently  the 
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muscles  were  tenilcr.  I'oiir  days  after  operation  the  animal  walked  on  the  leg, 
with  a  limp.  The  entire  extremity  was  swollen.  There  was  an  area  of  begin- 
ning gangrene  of  the  skin  on  the  medial  surface  of  the  leg  and  thigh.  Fourteen 
days  after  operation,  well  defmed,  dry  gangrene  of  the  skin  of  the  foot,  leg,  and 
distal  third  of  the  thigh  was  observed.  The  line  of  demarcation  of  the  gangrene 
was   sharp.      It   encircled    the   thigh   at   the   junction   of   the   middle   and   distal 


Fig.  4. — Photomicrograph  nl  a  cross  section  of  a  nuiscle  two  days  alter 
ligation  of  its  vein,  showing  extensive  infiltration  of  the  muscle  by  poly- 
morphonuclear leukocytes;  the  muscle  fibers  are  swollen  and  vacuolated. 


thirds.  The  animal  was  anesthetized  and  the  gangrenous  skin  was  removed. 
The  muscles  of  the  thigh  and  leg  appeared  normal.  The  tendons  of  the  leg 
muscles  were  gangrenous  in  the  foot.  .Ml  the  muscles  contracted  on  stimulation 
of  the  muscles  or  nerves.  On  section  all  of  the  muscles  appeared  normal  except 
the   anterior   tibial    muscle.     This   muscle   appeared   normal   externally;    but   on 
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section  there  was,  in  the  snhstance  of  the  muscle,  a  pale  tirni  area,  cylindric 
in  shape,  measuring  0.5  cm.  in  diatueter  and  extending  the  entire  length  of  the 
muscle.     This  area  had  the  appearance  of  an  infarct. 

Microscopic   examination    of   the   muscles    showed   no   ahnorniality  except   in 
the   anterior   tibial    muscle.      Microscopic   examination   of   this    muscle    in   cross 
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Fig.  5. — Photomicrograph  of  :i  cross  section  of  a  nuisclc  four  days  alter 
ligation  of  its  vein,  showing  intiltrution  with  i)olymorphonuclear  leukocytes  and 
a  beginning  fibrous  tissue  reaction. 

section  showed  the  peripliery  of  the  muscle  approximately  normal.  The  central 
pale  area  showed  a  marked  change  in  the  muscle  tissue.  The  muscle  fibers 
were  much  shrunken  and  closely  packed  together.  The  nuclei  of  the  muscles 
stained  w-ell.  There  was  no  massive  necrosis.  There  was  very  little  reaction 
in  the  muscle  stroma.  The  area  of  degeneration  was  sharply  defined  from  normal 
appearing  muscle.     There  was  very  little  reaction  at  the  periphery  of  the  area  of 
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degeneration.  Microscopically,  the  area  proved  to  be  one  of  a  sharply  localized 
muscle  degeneration  rather  than  actual  massive  necrosis.  Reaction  within  or 
about  the  area  of  degeneration  was  strikingly  absent.  A  photomicrograph  of  this 
area  and  the  surrounding  muscle  tissue  is  shown  in  Figure  1. 

Experiment  29. — Dog  141  was  operated  on,  Feb.  11,  1921,  under  ether  anes- 
thesia.   The  abdomen  was  opened ;  all  branches  of  the  aorta  distal  to  the  origin 


Fig.  6. — Photomicrograph  of  a  muscle  four  days  after  ligation  of  its  vein, 
showing  the  infiltration  of  the  muscle  by  polymorphonuclear  leukocytes. 

of  the  inferior  mesenteric  artery,  with  the  exception  of  the  right  iliac  artery, 
were  ligated  :  the  left  deep  epigastric  was  ligated  near  its  origin  from  the  ilia" 
artery,  and  the  abdomen  was  closed.  A  small  incision  was  made  in  the  left 
midthigh  and  the  femoral  artery  was  ligated. 

February  12,  twenty-four  hours  later,  the  left  thigh  was  slightly  edematous; 
the  leg  was  cold.     Apparently  there  was  complete   paralysis  of  the  entire   left 
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posteriiir  extremity.  Thnuiiili  the  skin,  all  nuisc'es  felt  noriiial.  The  imiscles 
of  the  leg  contracted  to  strong  faradic  stinuilation.  Contractions  were  less 
powerful  than  in  the  right  leg. 

February  13.  after  forty-eight  hours,  the  animal  did  not  eat:  it  looked  sick. 
The  left  thigh  was  tremendously  swollen.  There  was  no  swelling  below  the 
knee.      The    entire    eNtremitx-    was    apparently    useless.      There    was    very    slight 


Fig.  ~. — Photomicrograph    of    a    cross    section    of   a    muscle    ten    da\ 
ligation   of  its  vein,  showing  fibrous  transformation  of  the  muscle. 


after 


movement  in  the  muscles  at  the  hip  and  no  motion  below  the  knee.  The  skin 
of  the  thigh  showed  marked  bluish  discoloration.  There  was  a  fairly  sharp 
line  of  demarcation  around  the  proximal  thigh,  between  the  discolored  and 
normal  skin. 

The  animal  was  anesthetized  and  the  muscles  of  the  extremity  were  examined 
before  the  animal  was  killed.  Below  the  knee  the  muscles  looked  strikingly 
normal    in    color    and    form.     They    were   not    swollen.     There   was    no    visible 
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edema.  The  muscles  did  not  react  to  electrical  nor  mechanical  stimulation. 
Stimnlation  of  the  nerve  trimks  caused  no  contraction  in  the  muscles  below  the 
knee.  Stimulation  of  the  sciatic  nerve  in  the  midthigh  gave  no  effect  on 
respiration. 

The  muscles  of  the  thigh  were  tremendously   swollen  and  very  pale.     There 
was  a  large  anioi  nt  of  lluid  in  the  muscle  and  in  the  intermuscular  spaces.    The 


after  ligation  of  its  vem.  showuig  coiuplctc  tihrous  transfonnation  of  the  muscle. 

mu.scles  did  not  contract  to  mechanical  or  electrical  stimulation.  The  muscles 
became  red  on  exposure  to  the  air. 

The  gluteus  maximus  muscle  was  brick  red  in  color ;  it  bled  slightly  on 
section.  It  contracted  promptly  on  stimulation  by  a  strong  faradic  current. 
The  contractions  were  weak  and  the  muscle  fatigued  quickly. 

All  muscles  were  either  totally  paralyzed  and  necrotic  or  totally  not 
paralyzed  and  viable,  except  the  rectus   femoris  muscle.     This  muscle  showed 
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liotli  cimditioiis  in  the  same  imiSLle.  The  distal  half  was  clearly  necrotic  and 
completely  paralyzed,  the  proximal  half  was  clearly  viahle  and  contracted 
promi)tly  on  electrical  stimulation.  The  line  of  demarcation  hetween  the  viable 
and  nonviable  muscle  was  sharply  defined,  and  coincideil  with  an  equally  sharp 
line  of  detinition   l)etween  tlie  irritable  and  nonirritable  muscle. 

In  Experiments  101,  ^7  and  29  just  described,  tliere  were  changes 
in  physiologic  and  anatomic  integrity  of  the  muscles  as  a  result  of  the 
obstruction  of  the  arterial  supply  to  the  extremity. 

In  Experiment  101,  in  which  the  ligation  of  the  aorta  produced  a 
marked  diminution  in  the  l>lood  supply  to  the  posterior  extremities, 
there  was  a  temporary  change  in  the  physiology  of  the  muscles  of 
the  extremity  but  no  demonstrable  anatomic  citange.  Immediately 
following  the  olistruction  to  the  arterial  supply  the  muscles  of  the 
extremities,  although  at  no  time  completely  paralyzed,  were  constantly 
in  a  state  of  exaggerated  tension,  and  the  extremity  after  even  a  few 
minutes  of  exercise  became  useless.  This  condition  was  relieved  by 
rest  and  appeared  again  after  repeated  exercise.  Three  days  after 
the  arterial  obstruction,  the  animal  did  not  lose  the  use  of  the 
extremities  after  a  considerably  longer  period  of  exercise;  and  at  tlie 
end  of  four  months,  it  showed  nothing  abnormal  in  function  or  structure 
of  the  muscles,  although  it  was  possible  to  establish  only  a  very  small 
arterial  coimection  between  the  heart  and  the  posterior  extremities. 

In  other  experiments  it  has  been  found  that  the  loss  of  function 
of  the  posterior  e.xtremities  after  ligature  of  the  aorta  has  been  com- 
plete for  two  or  tliree  days  and  the  period  of  complete  recovery 
extended  to  several  days;  but  in  all  instances  in  which  tlie  anitnal  has 
not  died  or  developed  gangrene,  the  reco\ery  has  beeti  complete  and 
the  muscles  ha\'e  shown  no  pathologic  change. 

The  condition  developed  in  this  experiment  corresjionds  tn  the 
condition,  well  known  in  clinical  medicine,  to  which  the  term  ischetnia 
has  been  applied.  It  has  been  noted  in  man  after  occlusion  of  such 
large  arteries  as  the  common  iliac  or  axillary.  It  is  almost  certainly 
a  fatigue  phenomenon.  With  the  marked  decrease  in  arterial  blood 
supply,  the  muscle  becomes  rapidly  profoundly  fatigued. 

In  Experiment  29,  in  which  the  arterial  blood  supply  to  one  extremity 
was  markedly  reduced  by  ligation  of  several  arteries,  gangrene  of  the 
extremity  resulted.  It  is  important  to  note  that  all  tissues  of  the  extrem- 
ity were  included  in  the  necrosis.  The  muscles  of  the  most  distal  portion 
of  the  extremitv  were  aj^parentlv  completely  deprived  of  all  fluid.  They 
became  necrotic  en  masse,  without  hemorrhage,  edema,  or  any  evidence 
of  inflamniatorv  reacticm.  l^ome  of  the  muscles  of  the  thigh  were 
apparently  deprived  of  blood  but  did  absorb  fluids  from  lytnph  vessels 
or  neighboring  viable  tissties.  .'^oiiie  of  the  muscles  received  enough 
circulation    to    preserve    their    nonnal    jihysiologic    reactiotis.       It    is 
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interesting  that  tlie  borderline  muscles  either  became  completely 
necrotic  or  remained  wholly  viable.  The  one  exception  to  this  was  the 
rectus  femoris  muscle.  The  distal  half  of  this  muscle  became  gan- 
grenous, and  the  proximal  half  remained  almost  normal  in  appearance. 
The  junction  of  the  dead  and  living  muscle  was  sharply  defined.  Of 
e\en  more  interest,  however,  is  the   fact   that   the  part   of  the  muscle 
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I  „,     -    1,   '  "1  aiicjthcr  ;ire;i  oi  tlic  section  .-.Imuii  in   I'igure  8. 

showing  the  preservation  of  the  arteries  in  the  muscle. 

which  preserved  its  anatomic  integrity  also  wholly  preserved  its 
physiologic  properties  (except,  no  doubt,  this  part  of  the  muscle 
would  have  exhibited  the  phenomenon  of  rapidly  developing  fatigue 
or  "ischemia").  In  this  long  muscle,  which  gets  its  arterial 
supply  near  its  proximal  end,  we  are  justified  in  assuming  that  follow- 
ing the  obstruction  to  the  large  arteries  the  blond  supply  to  this  muscle 
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was  most  abumlaiu  al  llie  proximal  end  and  cuntinuuusl_y  decreased 
toward  the  distal  end.  Under  such  conditions,  therefore,  there  was  no 
"zone"  in  which  the  blood  supply  was  sufficient  to  keep  the  muscle 
alive  but  not  sufficient  to  permit  it  to  contract.  It  is,  of  course, 
theoretically  ])ossible  that  the  blood  supply  of  a  muscle  be  just  sufficient 


Fig.  10. — Photomicrograph  of  a  cross  section  of  a  muscle  thirty-six  days 
after  ligation  of  its  vein,  showing  the  librous  transformation  of  the  muscle. 
A  few  degenerating  muscle  fibers  can  be  seen, 

to  take  care  of  an  infinitesimal  amount  of  nutscle  activity  so  as  to 
keep  the  muscle  in  a  permanent  state  of  complete  fatigue.  Practically, 
this  is  not  possible  because  the  blood  supply  of  a  region  supplied  by 
an    artery   is   always   most   profoundly    limited    ininiediately    after   the 
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obstruction  of  this  artery.  The  quantity  furnished  by  collateral  circula- 
tion (if  any  at  all  is  furnished)  always  increases  for  a  certain  period. 

Experiment  i7  is  of  particular  interest  because  it  was  the  only 
instance  in  which  a  process  of  degeneration  rather  than  massive  necrosis 
of  muscle  followed  permanent  occlusion  of  the  arteries  to  an  extremity. 
In  this  experiment  there  was  an  isolated  area  of  degeneration  of 
muscle  libers  in  a  single  muscle;  the  remainder  of  this  muscle  and  all 
the  other  muscles  of  the  extremity  remained  normal  in  appearance  and 
reaction  in  spite  of  extensive  gangrene  of  the  skin. 

In  all  of  the  experiments  in  which  the  arteries  to  an  extremity  were 
permanently  occluded,  and  in  which  the  diminution  in  blood  supply  to 
this  extremity  was  sufiicient  to  produce  pathologic  changes  in  the  tissue. 
the  skin  showed  the  most  extensive  change. 

EXPERIMENTS    IX     WHICH     THERE    WAS     A    TEMPORARY    OBSTRUCTION 
OF    THE    PRI.MARY    ARTERIES    OF    THE    EXTREMITY 

Experiment  33.— Dog  122.  February  20,  10  a.  ni.,  under  ether  anesthesia,  was 
operated  on.  the  abdomen  being  opened  and  the  aorta  ligated  distal  to  the  origin 
of  the  ihac  arteries.  The  deep  epigastric  artery  was  ligated.  h  clamp  was 
applied  to  the  left  iliac  artery.  The  abdomen  was  closed.  An  incision  was 
made  in  the  left  thigh.    The  femoral  artery  was  clamped  and  the  incision  closed. 

February  20,  4  p.  m.,  six  hours  after  operation,  the  entire  leg  and  distal 
half  of  the  thigh  were  cold.  The  animal  stood  on  the  leg.  It  used  the  muscles 
of  the  thigh  ;  but  the  muscles  of  the  leg  were  held  stiffly  and  apparently  were 
useless.  Electrical  stimulation  through  the  skin  caused  prompt  contractions 
in  tlie  thigh  muscles,  very  weak  contractions  in  the  posterior  muscles  of  the 
leg,  and  no  contractions  could  be  obtained  in  the  anterior  leg  muscles. 

The  animal  was  anesthetized  and  the  clamps  were  removed  from  the  iliac 
and  femoral  arteries.  Pulsation  immediately  returned  in  the  femoral  arteries. 
The  skin  of  the  entire  leg  and  of  the  distal  half  of  the  thigh  became  deeply 
flushed.  There  was  a  fairly  sharp  line  of  demarcation  between  the  flushed 
skin  and  the  paler  skin  in  the  midthigh.  Ten  minutes  after  removal  of  the 
clamps  from  the  arteries  all  muscles  of  the  leg  reacted  to  electrical  stimulation. 
The  contractions  in  the  anterior  muscles  were  not  so  strong  as  normal.  On 
the  following  day  there  was  no  visible  paralysis.  One  week  later  the  animal 
was  killed  and  nothing  abnormal  could  be  found  in  the  muscles  of  the  extremity. 

Experiment  34. — February  24,  4:00  p.  m.,  on  Dog  101,  the  same  operative 
procedure  was  carried  out  as  in   Experiment  ii. 

February  25,  9:00  a.  m.,  seventeen  hours  after  operation,  there  was  complete 
muscular  paralysis  below  the  knee,  but  no  swelling.  The  leg  was  not  cold. 
Electrical  stimulation  of  the  muscles  below  the  knee  caused  no  contractions. 

February  25.  4:00  p.  m.,  twenty-four  hours  after  operation,  there  was 
complete  paralysis  below  the  knee.  The  leg  felt  cold.  The  animal  was  anes- 
thetized and  the  clamps  were  removed  from  the  iliac  and  femoral  arteries. 
Pulsation  immediately  returned  in  the  femoral  artery.  The  skin  below  the 
knee  was  flushed  to  a  bright  pink.  The  flush  was  sharply  defined  at  the  level 
of  the  knee.  Five  minutes  after  removal  of  the  clamps  there  was  no  demon- 
strable electrical  irritability  of  the  muscles  below  the  knee. 
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Fcliniary  26.  coniplele  paralysis  existed  lielow  tlie  knee.  The  muscles  of 
the  leg  were  swollen  anil  definitely  harder  than  normal. 

Febrnary  28,  four  days  after  clamping  the  vessels  and  three  days  after 
removal  of  the  clamps,  the  muscle  paralysis  remained  unchanged.  Tlie  entire 
extremity  was  swollen.  It  was  definitely  warmer  than  the  normal  leg.  Tlie 
swelling  was  apparently  entirely  in  the  deeper  structures.  The  skin  looked 
normal;  the  femoral  pulse  w-as  good.  There  was  no  contraction  of  the  muscles 
below  the  knee  from  electrical  stimulation.  Pain  sense  was  apparently  impaired 
below  the  knee  but  it  was  not  absent.  The  animal  was  anesthetized.  .\n 
incision  was  made  exposing  the  <Ieeper  structures  of  the  leg  and  thigh.  All 
the  larger  arteries  of  the  extremity  pulsated.  There  was  good  pulsation  in  the 
arteries  of  the  foot. 

The  muscles  of  the  leg  were  swollen,  harder  than  normal,  and  of  a  blue 
hemorrhagic  color.  On  section  of  the  muscle  there  was  active  bleeding  from 
the  larger  arteries  in  the  muscle.  There  was.  howexer,  no  capillary  bleeding 
and  no  demonstrable  irritability  of  any  muscle  of  the  leg. 

The  muscles  of  the  thigh  were  particularly  interesting.  The  gluteus  maximus 
muscle  appeared  normal  and  was  irritable.  The  same  was  true  of  the  rectus 
femoris  and  sartorius  muscles.  The  deeper  extensor  was  swollen,  hemorrhagic, 
and  showed  no  irritability.  The  distal  half  of  the  lateral  extensor  muscle  of  the 
thigh  was  swollen,  hemorrhagic  and  completely  paralyzed ;  the  pro.ximal  end 
appeared  normal  and  contracted  normally  on  electrical  stimulation.  The  junction 
of  the  abnormal  muscle  and  normal  muscle  was  sharply  defined  and  coincided 
absolutely   with   the   junction    <<f   the   irritable   and    the   paralyzed   muscle. 

^licroscopic  exaiuination  of  the  muscles  of  the  leg  show-ed  the  muscle  fibers 
strikingly  normal  in  outline.  In  some  areas  there  was  a  complete  absence  of 
staining  of  nuclei,  giving  a  picture  of  massive  necrosis  of  all  the  tissues.  In 
other  areas  there  was  hemorrhage  between  the  fibers  and  an  accumulation  of  a 
few  polymorphonuclear  leukocytes.  The  larger  arteries  contained  blood  and 
showed  no  evidence  of  thrombosis.  Many  arteries  and  veins,  however,  were 
thrombosed.  In  general  the  areas  of  hemorrhage  and  leukocytic  infiltration  were 
near  the  arteries  which  were  not  thrombosed.  The  paralyzed  muscles  of  the 
thigh  showed  much  the  same  picture,  except  that  the  areas  of  hemorrhage  and 
leukocytic  infiltration  were  relatively  more  extensive,  and  the  areas  in  which 
there  was  massive  necrosis  without  evidence  of  any    reaction  were  smaller. 

A  longitudinal  section  of  the  junction  of  the  paralyzed  and  nonparalyzed 
portions  of  the  lateral  e.xtensor  of  the  thigh  showed  varying  grades  of  muscle 
necrosis  and  degeneration  limited  to  a  small  zone.  The  more  distal  portion  of 
the  muscle  was  completely  necrotic,  with  no  hemorrhage  or  leukocytic  infil- 
tration. Proximal  to  this  was  a  zone  of  hemorrhage  and  leukocytic  infiltration. 
Normal  appearing  fibers  reached  to  this  zone,  but  in  the  immediate  proximity 
of  the  hemorrhage  some  of  the  muscle  fibers  were  very  much  swollen  and 
fragmented. 

ExPKKiMKNT  36. — Dog  61.  on  March  2.  under  ether  anesthesia,  was  operated 
on,  the  abdomen  being  opened  and  the  clam|)S  being  ajiplied  to  (  1  )  the  aorta 
distal  to  the  origin  of  the  iliac  arteries.  (2)  the  left  iliac  artery,  and  (3)  the 
left  femoral  artery  in  the  niidthigh. 

Seventeen  hours  after  operation  there  was  apparently  complete  paralysis 
below  the  knee.  The  knee  was  extended  and  the  foot  was  flexed.  The  leg 
was  held  stiffly  ;  the  muscles  were  tense.     The  foot  and  leg  were  cool  but  not 
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cold.  Stimulation  of  tiu'  muscles  of  the  leg  caused  no  visible  contractions.  The 
animal  was  anesthetized  and  all  clamps  were  removed.  A  feeble  pulse  returned 
in  the  femoral  artery.  The  skin  below  the  level  of  the  knee  was  flushed  pink. 
There  was  no  demonstralile  evidence  of  return  of  irritability  of  the  muscles 
of  the  leg. 

March  4,  the  animal  walked  on  the  leg  with  a  limp.  "Paralysis"  was  not 
complete. 

March  9,  six  days  after  removal  of  the  clamps  from  the  arteries,  there  was 
no  contracture  of  the  muscles.  The  animal  did  not  use  the  leg  for  walking;  but 
apparently  it  was  not  completely  paralyzed.  There  was  a  small  ulcerating  area 
in  the  skin.  The  animal  was  anesthetized.  The  skin  was  dissected  away  and 
the  muscles  were  inspected  before  the  death  of  the  animal.  The  anterior  muscles 
of  the  leg  were  very  pale  and  showed  no  contraction  after  electrical  or 
mechanical  stimulation  of  the  nerves.  The  posterior  muscles  of  the  leg  were 
mottled  with  areas  of  pink  muscle  and  pale  yellowish  muscle.  The  pink  areas 
contracted  on  electrical  stimulation.  The  pale  areas  showed  no  sign  of  being 
irritable.     A  similar  picture  was  shown  liy  the  muscles  of  the  thigh. 

The  results  of  these  e.xperinients  in  which  there  was  temporary 
obstruction  of  the  arteries  to  an  extremity  are  different  froin  those  in 
which  the  obstruction  was  permanent.  In  the  latter  the  demonstrable 
pathologic  change  was  always  most  extensive  in  iJic  skin,  wliiJt-  in  the 
former  the  most  extensive  damage  was  in  tine  muscles.  In  l-'xperi- 
nicnt  .1.1  in  which  the  arteries  were  obstructed  fur  six  hours,  the  leg- 
became  cold,  completely  paralyzed,  and  some  of  the  niu>cles  slmwcd 
no  irritability  to  electrical  stimulation.  Following  the  vemoval  (if  the 
obstruction  to  the  arteries,  there  was  an  immediate  return  nf  function 
of  the  muscles  and  no  detnonstrahle  anatfimic  change  in  anv  tissues  of 
the  extremity. 

In  Experiment  34  in  which  the  arteries  were  obstructed  for  seven- 
teen hours,  and  in  which  the  relief  of  this  obstruction  was  followed 
by  a  good  pulse  in  all  of  the  larger  arteries  of  the  extremity,  there 
was  at  the  end  of  four  days  extensive  necrosis  of  the  muscles.  This 
necrosis  was  accompanied  by  the  presence  of  a  large  amount  of  hemor- 
rhage and  edema.  The  skin  was  not  at  this  time  visibly  changed.  The 
muscle  necrosis  wvns  so  extensive  that  it  included  all,  or  most,  of  the 
muscles  of  the  extremity.  The  muscles  in  general  became  completely 
necrotic  or  remained  completely  viable;  half  of  one  muscle  of  the  thigh 
was  necrotic  and  the  other  half  was  viable  and  retained  its  physiologic 
reactions.  This  extensive  necrosis  occurred  in  spite  of  a  restoration 
of  a  jHjlsating  blood  stream  in  all  of  the  larger  arteries,  even  the  arterial 
branches  to  the  muscles  bled  within  the  necrotic  mu.scles.  The  reaction 
of  the  tissues  of  the  extremity  to  the  extensive  damage  following  the 
obstruction  to  the  circulation  was  interesting.  During  the  period  of 
arterial  obstruction  there  were  no  manifestations  of  inflammation.  One 
dav  after  the  removal  of  the  ob.struction  to  the  arteries  there  was  some 
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swclliiii;.  aiul  at  tlie  fiul  of  fmtr  days  ihc  swellinjj;  liad  increased  and 
llic  cxlrcniil)-  was  distinctly  wanner  tiian  the  ndtnial  cxtrLMiiily.  At  thi-- 
tinu-  niicrdM-upii-  examination  nf  tlic  mnsck's  slmwcd  sonic  intiltratinn 
of  k'ukiicytcs  in  the  vicinity  (d"  functioninj^  blond  \csscls.  Tlicre  was, 
liowcxcr.  no  evidence  oi"  a  lihrons  tissue  reaction  at  this  time. 

Experiment  36  is  interesting  from  the  standpoint  that  arteries  of 
the  extremity  were  obstructed  for  the  same  period  as  in  Experiment  34; 
but  following  the  removal  of  the  clamps,  the  circulation  was  not 
completely  restored  to  the  large  arteries.  The  femoral  artery  had  only 
a  \erv  feeble  pulsation.  The  extent  of  muscle  damage  was  distinctly 
less  than  in  Experiment  34,  and  there  was  at  the  end  of  six  days  no 
evidence  of  hemorrhage  and  edema  of  the  muscles.  Also  there  was  not 
at  any  time  any  swelling  or  manifestations  of  marked  inflammatory 
disease.  There  was.  however,  ulceration  of  the  skin.  This  experiment 
is  interesting  in  its  relation  to  the  belief  of  Rowland  that  ischemic 
contractures  were  the  result  of  the  sudden  release  of  obstruction  to 
arteries  after  a  period  of  anemia,  and  to  the  generally  accepted  treat- 
ment of  the  anemia  oi  the  extremity  following  exposure  to  cold,  in 
which  it  has  been  found  that  a  gradual  restoration  of  circulation  or 
more  accurately  a  gradual  restoration  of  the  normal  temperature  is 
not  so  likely  to  produce  disastrous  results  as  the  sudden  warming  nf  the 
extremity. 

I-:.\l'KRI.Mli.NTS     0.\      Till-:      ISCILATEl)      .MUSCLE 

In  order  to  study  more  accurately  the  effect  of  circulatory  distur- 
bance on  the  muscles,  independent  of  the  other  tissues  of  the_e.xtremity, 
a  series  of  experiments  on  the  isolated  muscle  were  carried  out.  The 
rectus  femoris  muscle  was  chosen  on  account  of  its  accessibility  and 
the  fact  that  its  circulation  is  supplied  by  a  single  artery  and  vein 
which  are  easily  isolated.  Also  the  nerve  supply  is  a  single  branch 
of  the  femoral  nerve  which  accompanies  the  nutrient  artery  and  vein. 
The  experimental  method  which  was  the  same  in  all  experiments  is 
described  belnw. 

The  dng  was  anesthetized  and  an  incision  was  made  on  the  anterior 
surface  of  the  thigh  and  distal  third  of  the  abdoiuen.  The  rectus 
femoris  muscle  was  freed  from  the  surrounding  tissues  everywdiere 
except  from  tendinous  origin  from  the  ilium  and  insertion  into  the 
quadriceps  tendon.  The  artery,  nerve,  and  vein  were  completely 
isolated  from  one  another  and  the  fibrous  tissue  accompanying  them 
was  divided.  .\  tight  ligature  was  tied  about  each  end  of  the  muscle. 
This  gave  a  muscle  completely  isolated  from  all  vascular  connections 
e.xcept  a  single  artery  and  a  single  vein.  The  nerve  supply  was  intact. 
The  circulation  in  the  surrounding  tissues  was  normal.  The  following 
series  of  exnerinients  were  carried  out  on  these  isolated  muscles. 
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1.  Srttioii  of  A'crfi-;  Artery  and  Vein  Intact. — In  the  experi- 
iiient>  in  which  the  nerve  alone  was  sectioned,  leaving  the  isolated 
muscle  with  its  artery  and  vein  intact,  the  muscle  was  completely 
[>aral_\zi-d.  It  decreased  markedly  in  size  and  microscopic  examination 
>howed  marked  diminution  in  the  size  of  the  muscle  fibers  and  loss  of 
definition  in  striation.  Occasionally  fibers  whicli  showed  degeneration 
were  found.  There  was  no  evidence  at  the  end  of  periods  of  as  long 
as  a  month  of  any  inflammatory  reaction  or  fibrosis.  The  process  was 
one  primarily  of  atrophy  rather  than  degeneration. 

2.  Injection  of  Blood  into  the  Muscle. — In  two  experiments  after 
isolation  of  the  muscle,  10  c.c.  of  blood  was  aspirated  from  the  femoral 
vein  and  injected  into  the  body  of  the  muscle  in  several  places,  so 
that  the  muscle  was  markedly  distended  with  blood.  In  another  experi- 
ment the  same  procedure  was  carried  out  and  in  addition  the  artery 
was  tied.  The  animals  in  which  these  experiments  were  carried  out 
were  killed  at  the  end  of  one  month.  Examination  of  the  muscles 
showed  nothing  abnormal  in  their  physiologic  reactions ;  and  micro- 
scopic examination  showed  no  evidence  of  inflammation  or  fibrosis. 

3.  I.igaturc  of  the  Artery  Leaving  Vein  Intact. — In  eleven  experi- 
ments only  the  artery  of  the  isolated  muscle  was  ligated.  In  these 
experiments,  therefore,  a  single  muscle  was  completely  separated  from 
all  arterial  supply.  The  nerve  and  vein  remained  intact.  The  circula- 
tion of  the  surrounding  tissues  was  not  disturbed.  The  operation 
wounds  were  carefully  closed  so  as  to  obliterate  all  cavities.  The 
animals  were  killed  at  the  end  of  periods  of  from  seven  to  sixty  days 
and  the  muscles  were  examined.  In  every  instance  the  muscle  showed 
normal  physiologic  properties.  The  muscles  were  always  more  adherent 
to  the  surrounding  tissues  than  normal.  In  no  instance  was  the  muscle 
fibrous.  Microscopic  examination  of  the  muscles  showed  slight  degen- 
erative changes  in  some  instances ;  but  in  no  instance  was  there  found 
marked  inflammatory  reaction  or  fibrous  change  of  the  muscle. 

In  one  experiment  the  artery  and  nerve  were  sectioned.  Exami- 
nation of  this  muscle  after  a  period  of  si.xty  days  showed  the  typical 
.iirophy  of  nerve  paralysis. 

In  five  experiments  the  artery  of  the  isolated  muscle  was  tied  and 
in  addition  the  circulation  of  the  entire  extremity  was  diininished  by 
ligation  of  branches  of  the  aorta.  In  one  of  these  experiments  the 
iliac  artery  was  tied  after  the  isolation  and  ligature  of  the  nutrient 
artery  to  the  rectus  muscle.  Examination  of  the  muscle  three  days 
later  showed  the  muscle  edematous;  but  the  physiologic  reaction  was 
normal  and  microscopic  examination  showed  only  slight  degeneration 
and  inflammatory  reaction.  The  infiltration  with  leukocytes  was  only 
what  would  be  expected  as  a  result  of  the  operative  trauma.  In 
another  experiment  in  which  the  conditions  were  the  same,  the  muscle 
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was  normal  at  ilic  end  of  seven  days.  In  the  three  other  experiments, 
the  circulation  in  the  extremity  in  which  the  muscle  was  isolated  from 
all  its  arterial  supply  was  further  diminished  by  ligation  of  the  iliac 
and  hypogastric  arteries.  In  each  instance  the  isolated  muscle  was 
found  completely  absent,  from  seven  to  twelve  days  after  operation. 

In  seventeen  experiments,  therefore,  in  which  the  arterial  blood 
supply  of  an  isolated  muscle  was  obstructed,  the  muscle  either  retained 
wholly  its  normal  ])hysiologic  and  anatomic  characteristics  or  it  became 
ctjuiplelely  necrotic  and  wholly  disappeared.  In  no  instance  did  the 
anemia  result  in  an  acute  inflammatory  process.  In  those  experiments 
in  which  the  muscle  remained  \ial)le,  it  must  have  received  its  nutrition 
from  the  surrounding  tissue  or  by  a  reversed  circulation  in  its  vein 
until  the  time  of  establishment  of  a  new  circulation  by  vessels  growing 
in  from  the  stirrounding  tissues.  In  sonic  of  those  instances  in  which 
the  large  arteries  of  the  extremity  were  ligated  in  addition  to  obstruc- 
tion of  the  individual  arterial  supply  of  the  niuscle,  the  available  supply 
of  nutrition  was  so  diminished  that  the  isolated  muscle  did  not  survive 
the  period  of  complete  absence  of  arterial  l)lood.  Whether  this  was 
due  to  the  diminution  of  the  blood  supply  to  the  surrounding  tissues,  to 
the  lowering  of  the  pressure  in  the  vein,  or  to  a  combination  of  both 
factors,  is  not  clear.  The  importance,  however,  of  the  preservation 
of  unobstructed  veins  to  an  extremity  with  a  diminished  blood  supply 
has  been  demonstrated  in  some  experimental  work  not  included  in  this 
paper.  It  has  been  found  that  with  an  existing  venous  obstruction 
in  an  extremity  gangrene  is  more  likely  to  follow  ligation  of  the  large 
arteries  of  the  extremity. 

The  importance  of  preserxalion  of  the  ])alency  of  the  vein  is  also 
suggested  bv  the  results  obtained  in  the  following  experiments. 

4.  Liijation  of  Both  Artery  and  Vein. — In  four  exp)eriments  with  the 
isolated  muscle,  both  artery  and  vein  were  ligated,  thus  cutting  the 
muscle  free  from  all  vascular  connections.  In  two  of  these  experiments 
the  muscle  showed  no  pathologic  change  at  the  entl  of  jjeriods  of  forty 
and  one  Innidred  and  ten  days.  In  two  other  similar  ex]jerinients  the 
muscle  was  found  necrotic  in  one  case  in  two  days  and  in  th.c  other 
completely  absent  in  twenty-one  days. 

.^.  Rxpcriincnts  in  ll'liicli  the  I'rin  Alone  Was  Lii/atetl. — In  nine- 
teen experiments  the  isolated  muscle  was  prepared  and  the  vein 
alone  was  ligated  leaving  the  artery  and  the  nerve  intact.  These 
muscles  were  examined  at  the  end  of  periods  varying  from  one  to  one 
hundred  and  twentv  days.  In  every  instance  niarke<l  pathologic 
changes  were  foiuid. 

W  itliin  an  hour  after  tiperalion  the  muscle  becomes  swollen,  hard, 
and  a  dark  Ijlue.     Stimulation  (jf   the  muscle  or  nerve  to  the  muscle 
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at  tin's  period  usually  gives  a  very  slight  contraction.  At  the  end  of 
twenty-four  hours  there  is  a  tremendous  extravasation  of  blood  into 
the  muscle  and  an  acciinnil.it inn  of  bloody  fluid  around  the  muscle.  The 
muscle  will  hlccd  if  cul.  At  forty-eight  hours  there  is  a  marked 
accumulafiim  nf  |)(il\  nior])honuclear  leukocytes  about  the  muscle  fibers. 
At  this  time  nianv  of  the  mu.scle  libers  are  clearly  necrotic.  In  four 
days  there  is  a  marked  connective  tissue  proliferation  and  extensive 
degeneration  of  muscle  fibers.  .\t  ten  days  there  is  formed  between 
the  muscle  fibers  a  large  amount  of  connective  tissue.  There  was 
usuallv  muscle  tissue  in  some  amount  at  all  periods  at  which  muscles 
were  examined  ;  and  whenever  nniscle  libers  were  present,  some  contrac- 
tion could  be  demonstrated  in  the  nniscle.  The  progress  of  the  fibrosis 
was  in  two  instances  so  complete  that  no  muscle  tissue  could  be  demon- 
strated in  the  isolated  muscle.  The  marked  inflammatory  reaction  and 
.subsequent  fibrosis  always  extended  beyond  the  muscle  and  involved 
the  surrounding  tissues  so  that  the  muscle  became  embedded  in  a  fibrous 
tissue  mass.  Contracture  of  the  muscles  was  always  present  and  in  some 
instances  the  contracture  of  the  single  muscle  was  of  such  an  amount 
as  to  prevent  the  normal  flexion  of  the  knee  joint. 

The  details  of  the  stages  of  the  ])atliologic  changes  in  the  isolated 
muscle  which  followed  occlusion  of  the  vein  are  shown  in  the  photo- 
micrographs. 

In  these  ex])criiiicnts  in  which  a  muscle  was  cut  off  from  all  circula- 
tion except  that  of  a  single  artery  and  vein,  and  the  vein  was  completely 
occluded  leaving  the  artery  intact,  a  constant  pathologic  change  in  the 
muscle  resulted.  This  change  was  characterized  by  an  initial  period  of 
acute  inflanniiatory  changes  in  the  muscle  and  subsequently  the  develop- 
ment in  the  muscle  of  an  extensive  fibrosis.  The  fibrosis  in  some 
instances  replaced  a  large  portion  of  the  muscle  fibers  and  decreased 
very  markedly  the  power  of  the  muscle.  In  other  instances  the  sub- 
stitution of  the  muscle  fibers  by  fibrous  tissue  was  complete.  The 
constancy  of  the  pathologic  process  and  the  certainty  with  which  it 
follows  the  experimental  method  described  are  important  points. 

SUMMARY 

The  results  of  these  experiments  are  evidence  for  the  statement 
of  certain  general  conclusions  as  to  the  probable  effect  of  the  obstruc- 
tion of  the  circulation  of  blood  on  the  function  of  an  extremity, 
particularly  as  it  concerns  the  muscles. 

The  results  of  permanent  obstruction  of  the  principal  artery  or 
arteries  to  an  extremity  may  be  stated  as  follows: 

1.  There  may  be  no  demonstrable  change  in  the  anatomy  or 
physiology  of  the  extremity.     This  result,  of  course,  only   follows  if 
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llic  civculatinn  throug'h  the  collateral  anastomotic  branches  is  sufficient. 
It  is  snrprisint;  indeed  to  find  how  small  a  collateral  anastomotic  arterial 
lied  ina\-  jiruve  siiffiiiciil. 

2.  A  cnndilion  of  ischemia  in  which  there  is  mi  demonstrable 
anatiiniic  chanjje  in  the  muscles  may  follow  obstruction  of  the  artery. 
After  a  period  of  voluntary  muscle  contractions,  the  extremity  may 
become  useless,  in  which  state  it  remains  only  for  a  limited  time.  With 
rest  the  muscles  again  resume  their  function.  This  condition  is  probably 
a  phenomenon  of  fatigue.  In  the  dog  the  condition  of  ischemia  always 
becomes  less  marked  from  day  to  day  and  ultimately  disappears  com- 
jiletely  as  far  as  could  be  observed  in  animals  which  were  permitted  the 
freedom  of  an  "animal  yard."  It  is  possible  that  if  some  of  the  animals 
wliicli  had  apparently  recovered  completely  had  been  subjected  to  long- 
cimtinued  walking  symptoms  of  ischemia  would  have  become  mani- 
fest. A  state  of  chronic  ischemia  existing  for  years  has  been  observed 
by  Halsted  in  a  man  whose  common  iliac  artery  was  ligated,  and  I  have 
under  observation  a  woman  in  whom  one  common  iliac  artery  was 
ligated  nine  months  ago  who  complains  of  weakness  and  cramps  in  her 
leg  after  walking  "four  blocks."  It  is  worth  while  calling  attention  to 
the  differences  in  ischemia  after  ligation  of  a  large  artery  and  that 
accompanying  general  arterial  disease,  the  former  always  improves, 
while  the  latter  may  progress. 

3.  The  permaneiU  obstruction  of  the  arterial  supply  of  an  extremity 
may  result  in  gangrene.  If  gangrene  develops  it  is  more  extensive  in 
the  skin  than  in  the  muscles.  If  the  muscles  are  involved  there  is  a 
tendency  for  the  individual  muscles  to  become  totally  necrotic  or  remain 
wholly  viable.  Jf  a  ]iart  of  a  nniscle  becomes  gangrenous  and  part 
remains  viable,  the  line  of  demarcation  is  sharp  and  coincides  with  the 
line  of  separation  between  the  physiologically  dead  and  physiologically 
living  muscle.  It  is  seemingly  impossible  to  reduce  the  arterial  supply 
to  a  muscle  to  a  point  where  it  is  physiologically  dead  but  anatomically 
alive.  This  is  theoreticallv  possible  but  practically  impossible  for  the 
reasons  that  the  limits  of  arterial  blood  supply  which  would  be  com- 
patible with  such  a  state  must  be  proximate,  and  the  blood  supply  to  an 
extremity,  particularly  after  ligation  of  its  artery  or  arteries,  must  be 
continually  changing.  The  results  of  temporary  de[irivation  of  the 
arterial  lilood  supply  to  an  ext remit \-  In  temporary  occlusion  of  arteries 
are  less  definite  but  more  interesting. 

It  would  seem  from  these  experiments  th;it  altlmngh  muscles  stand 
better  than  skin  a  continued  diminished  blood  ^upjily.  they  stand  less 
well  a  temporary  absence  of  arterial  blood.  This  is  an  important 
point  which  1  do  not  believe  has  as  yet  been  pointed  out.  Another 
fact  which  is  to  be  emphasized  is  that  after  obstruction  of  an  artery 
for   a    ]ieriod   of    several   hours   and   the   subsequent    removal    of   this 
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obstruction  the  pulse  may  return  in  the  artery  and  all  of  its  major 
branches  and  yet  the  circulation  may  not  be  reestablished  in  large 
areas  of  tissue. 

The  temporary  occlusion  of  the  primary  arteries  of  an  extremity 
mav,  therefore,  result  in  no  demonstrable  anatomic  or  physiologic 
change  after  the  removal  of  the  obstruction  if  the  obstruction  lias  existed 
only  a  few  hours.  If  the  obstruction  exists  longer  there  may  be 
scattered  foci  of  necrosis  or  degeneration  of  muscle  or  extensive 
massive  necrosis  of  muscles  and  skin  if  the  period  of  anemia  is  pro- 
longed for  as  much  as  seventeen  hours.  This  necrosis  may  take  place 
in  spite  of  a  resumption  of  pulsation  in  all  of  the  larger  arteries  of 
the  extremity.  The  pathologic  change  in  the  muscles  is  associated  with 
extensive  edema  and  hemorrhage,  but  with  a  very  slowly  developing 
inflammatorv  reaction ;  and  there  is  not  a  rapidly  developing  fibrosis 
and  contracture  of  the  muscles. 

The  experiments  on  the  isolated  muscle  are  in  accord  with  the 
exi)eriments  in  which  the  primary  arteries  of  the  extremity  were 
ligated  as  regards  the  effect  of  diminishing  the  arterial  supply  to  a 
muscle,  that  is,  the  muscle  either  becomes  wholly  necrotic  and  dis- 
appears completely  or  remains  wholly  viable  and  shows  no  pathologic 
changes.  The  results  of  the  obstruction  of  the  vein  of  the  isolated 
muscle  with  the  preservation  of  the  artery  are  different  from  any 
results  obtained  by  artery  occlusion.  Under  these  conditions  there 
was  found  a  constant  pathologic  change,  the  outstanding  features  of 
which  were  hemorrhage,  edema,  degeneration  of  muscle  fibers,  and 
an  acute  inflannnatory  process  which  progressed  to  the  more  or  less 
complete  fibrosis  of  the  muscle.  This  fibrosis  is  associated  with  con- 
tracture and  loss  of  power  of  the  muscle.  The  process  may  convert 
the  muscle  into  a  veritable  fibrous  mass  which  is  incorporated  in  a 
similar  fibrosis  of  the  surrounding  tissues.  Simple  hemorrhage  in  the 
mu.scle  with  or  without  interference  with  the  arterial  or  nerve  supply 
of  the  muscle  does  not  cause  a  similar  result. 

The  explanation  of  this  pathologic  process  is  one  concerning  which 
it  is  interesting  to  speculate.  The  sknving  of  the  circulation  is  the 
first  phenomenon  observed  in  the  process  of  inflammation.  In  blocking 
the  veins  the  circulation  is  thus  primarily  .slowed  down  anrl  all  of  the 
succeeding  manifestation  of  inflammation  and  repair  follows.  On  the 
other  hand  a  slowing  of  the  circulation  nnist  follow  an  obstruction 
of  an  artery  but  inflammation  does  not  result.  It  might  be  supposed 
that  the  venous  obstruction  asphyxiated  the  tissues  and  caused  an 
accumulation  of  toxic  waste  products  which  damaged  the  nniscle  cells 
to  the  point  of  necrosis  and  the  inflammation  and  repair  processes  follow 
the  presence  of  this  dead  tissue.  Were  this  true,  a  similar  process 
should  just  as  rapidly  develop  after  temporary  obstruction  of  the  artery. 
Sujh  is  not  the  case.    It,  therefore,  seems  nmre  likely  that  the  initial 
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stimulus  (if  tlic  priHess  is  nxnt'  uux'liauical  lliau  clu'niiial.  With  the 
(icchldcd  \ciu  and  \\\v  dpcn  arlcry  the  pressure  in  llir  capiilarx'  system 
unist  rise  ahiive  diastolic  hUiod  ]jrcssure.  'I'liis  pressure  prcihably  results 
in  a  more  or  less  complete  destruction  of  the  entire  cajiillary  system, 
riie  destruction  of  tite  capillary  system  would  certainly  interfere  with 
the  nutrition  of  the  tissues,  and  degeneration  or  necrosis  of  tissues 
might  result.  It  would  seem,  however,  that  the  acute  inflammatory 
reaction  and  subsequent  fibrous  tissue  formation  were  the  result  of  the 
mechanical  injury  to  the  vascular  system  rather  than  the  presence 
of  degenerate  or  necrotic  tissue.  The  magnitude  of  the  reaction  is 
certainly  much  greater  than  that  seen  about  areas  of  necrosis. 

The  clinical  application  of  these  conclusions  deserves  some  comment. 
A  muscular  weakness  associated  with  a  certain  stiffness  which  follows 
the  occlusion  of  a  large  artery  may  be  a  phenomenon  of  ischemia.  Under 
sneli  conditions  one  would  not  expect  a  complete  paralysis  and  there 
would  be  no  immediate  manifestations  of  inflammation  or  contracture. 
This  muscular  weakness  would  be  \ery  likely  to  improve  with  the 
development  of  a  more  adequate  collateral  circulation.  It  would 
always  be  exaggerated  bv  exertion  and  ini]irove  with  rest.  It  is 
not  associated  with  a  lilirous  transformation  of  the  muscles.  A  com- 
plete muscular  paralysis  of  any  jiortion  of  the  extremity  which  follows 
the  occlusion  of  an  artery  is  evidence  of  an  anemia  of  the  tissues 
incompatible  with  viability  and  usually  signifies  impending  gangrene. 
With  the  develojjment  of  gangrene  the  skin  will  almost  certainly 
become  necrotic  to  a  higher  level  than  the  muscles.  The  permanent 
occlusion  of  a  large  artery  is  not  followed  by  acute  inflammatory  disease. 
Anemia  and  inflammation  are  incompatible  pathologic  processes.  Any 
condition,  therefore,  7^'liich  derehps  within  t7venty-four  or  fort\<-eiglit 
hours,  and  7t.'hieh  is  ehinaeteri.:ed  h\'  heal.  .mvUiiu/,  pain,  and  a  sub- 
sequent fibrosis  cannot  be  the  result  of  permanent  occlusion  of  a)i 
artery. 

The  phenomenon  of  edema  of  the  tissues  as  a  result  of  obstruction 
to  an  artery  is  interesting,  lulema  may  follow  obstruction  of  an 
artery.  It  is  not  constant  either  in  amount,  site  of  appearance,  or  time 
of  appearance.  In  general,  we  l)elieve  edema  follows  the  reestablish- 
ment  of  circulation  in  vessels  to  tissue  wrhich  has  already  been  damaged. 
Edema,  therefore,  follows  the  development  of  collateral  circulation 
or  the  release  of  the  original  arterial  block  permitting  blood  to  flow 
into  tissue  which  previously  had  become  in  whole  or  in  part  degenerate. 
Edema  does  not  make  its  appearance  in  tissues  wholly  deprived  of 
blood  nor  in  tissues  in  which  the  blood  supply  has  remained  adequate. 
It  does  appear  in  tissues  between  these  extremes  and  is,  therefore,- found 
in  the  tissues  near  the  line  of  demarcation  in  instances  in  which  gangrene 
occurs,  as  a  result  of  permanent  occlusion  of  an  artery,  or  in  tissues 
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wliicli  have  been  deprived  of  blood  completely  for  a  limited  period  by 
the  temporary  occlusion  of  an  artery.  Keeping  in  mind  this  principle, 
therefore,  it  would  seem  that  the  time  of  appearance  and  the  site  of 
development  of  edema  would  be  indicative  of  the  development  or 
nondevelopment  of  gangrene.  For  example,  if  the  primary  arteries 
of  the  posterior  extremity  were  permanently  occluded  and  edema  of  the 
tiiigh,  and  nut  of  the  leg,  made  its  appearance  in  twenty- four  hours, 
one  could  feel  almost  certain  that  the  leg  was  to  become  gangrenous. 
( )n  the  other  hand,  if  the  edema  made  itself  apparent  in  the  foot  at 
the  end  of  twelve  hours  the  chances  of  gangrene  would  be  much  less. 
In  case  of  temporarv  occlusion  of  an  artery  the  amount  of  edema 
would  depend  on  the  amount  of  tissue  which  had  been  damaged,  and  the 
extent  of  return  of  the  circulation  to  the  tissues  in  proximity  to 
degenerate  tis.sues. 

The  pathologic  process  following  the  marked  obstruction  to  venous 
return  of  blood  from  tissues  in  which  the  arterial  supply  is  not  obstructed 
is  of  the  nature  of  an  inflammatory  rather  than  a  degenerative 
arocess.  Degeneration  or  actual  necrosis  are  present ;  hut  it  is  selective 
in  nature  and  does  not  include  all  of  the  tissues  of  the  muscle.  The 
muscle  fibers  may  in  part  degenerate  or  become  entirely  necrotic;  but 
the  interstitial  connective  tissue  is  stimulated  to  active  proliferation 
and  the  proces.ses  of  inflammation  and  repair  completely  overshadow 
the  degenerative  changes.  l<"urthermore,  the  proliferation  of  the  con- 
nective tissue  elements  when  thus  set  going  seems  to  continue  for  a 
|)eriod  of  .several  weeks,  and  the  end-result  is  the  transformation  of  the 
mu.sde  into  a  mass  of  fibrous  tissue.  This  process  is  one  which  sets 
in  almost  immediately  after  the  venous  occlusion  and  progres.ses  with 
ra])idity  in  the  muscle  leading  to  an  early  loss  of  function  and  con- 
tracture. 

The  pathologic  changes  following  temporary  occlusion  of  the  jMimary 
arteries  of  an  extremity  have  some  of  the  characteristics  of  both  tho.se 
following  permanent  occlusion  of  the  artery  and  those  following  occlu- 
sion of  the  vein.  If  the  artery  is  occluded  for  a  certain  period  the  tissues 
of  the  extremity  become  degenerate  in  part.  In  other  words,  some  tissues 
can  remain  viable  without  circulation  for  longer  ]jeriods  than  others, 
or  certain  areas  have  their  normal  circulation  or  nutritive  mechanism 
destroyed  before  other  areas.  1  f  then  the  obstruction  to  the  primary 
artery  is  removed  and  the  blood  flows  back  into  the  extremity,  those 
tissues  wliich  have  remained  viable  and  retained  their  normal  circula- 
tion or  nutritive  mechanism  resume  more  or  less  their  normal  condition, 
while  tho.se  tissues  which  have  become  necrotic,  or  had  their  nor- 
mal circulation  destroyed,  become  as  foreign  bodies  in  the  living 
tissue.  The  living  tissues  react  under  such  condition ;  and  inflam- 
mation, absorption,  and  fibrosis  follow.  Tn  the  experiments  which  I 
have  ol)served,  however,  in  no  case  has  the  connective  tissue  reaction 
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been  so  marked  as  in  those  instances  in  which  acute  venous  obstruction 
was  produced.  The  degenerate  areas  have  appeared  to  run  the  usual 
course  of  slow  replacement  by  tibrous  tissue  as  is  seen  in  the  usual 
anemic  infarct. 

That  the  classic  picture  of  Volkmann's  ischemic  paralysis  could  only 
be  explained  on  the  basis  of  acute  venous  obstruction  would  seem 
quite  clear.  As  a  matter  of  fact,  however,  it  is  customary  to  refer  to 
every  case  of  contracture  following  the  application  of  a  tight  bandage, 
tourniquet,  plaster  cast,  or  splint  as  Volkmann's  ischemic  contracture. 
Undoubtedly,  some  of  these  cases  are  due  to  pure  local  pressure 
necrosis,  entirely  analogous  to  the  decubitus  ulcer,  or  pressure  sore  on 
the  heel  or  over  the  anterior  superior  iliac  spine  from  continued  pressure 
of  a  plaster  cast.  I  have  seen  recently  a  patient  in  whom  a  fracture 
of  the  forearm  which  was  treated  by  splints  left  in  position  for  two 
weeks  showed,  after  ten  years,  a  marked  contracture  of  the  wrist  in 
hyperextension  and  the  thumb  in  a  jX)sition  of  complete  flexion  and 
adduction  across  the  palm.  There  was  fen  extensive  scar  over  the 
dorsal  surface  of  the  distal  prominence  of  the  radius  and  another 
deep  scar  where  the  end  of  the  anterior  splint  rested  in  the  palm.  The 
patient  gave  a  history  of  deep  ulcerations  being  present  when  the  splints 
were  removed.  In  this  patient  there  was  marked  atrophy  of  the 
extensor  muscles  of  the  forearm;  but  exploratory  operation  showed 
the  tendons  of  these  muscles  incorporated  in  the  deep  scar  on  the 
dorsum  of  the  wrist.  The  bellies  of  the  muscles  were  soft  and  showed 
the  normal  nerve  muscle  reaction  and  no  evidence  of  fibrosis.  In 
such  a  case  the  continued  pi^essure  of  a  board  splint  against  a  bony 
prominence  for  two  weeks  with  a  local  deep  pressure  necrosis  is  an 
entirely  satisfactory  explanation  of  the  contracture. 

In  those  instances  in  which  a  bandage  or  splint  is  applied  to  an 
extremity  presumably  never  so  tight  as  to  obstruct  immediately  and 
completely  the  circulation  di.stal  to  constriction,  and  in  which  there 
follows  in  the  course  of  a  few  hours  great  pain  and  cyanosis  which 
make  the  constriction  no  linger  bearable,  and  in  which  removal  of 
the  splint  is  followed  by  swelling,  heat,  tenderness,  and  a  rapidly 
developing  contracture,  one  is  forced  to  the  assumption  that  the  etiologic 
factor  is  either  an  acute  venous  obstruction  or  a  temporary  pressure 
anemia  followed  by  a  reestablishment  of  circulation  through  the 
damaged  tissue.  The  ease  with  which  the  former  is  reproduced  experi- 
mentally is  evidence  of  its  being  the  most  important  etiologic  factor 
of  contractures  following 'the  application  of  constricting  dressings  in 
the  treatment  of  fractures.  The  reproduction  of  areas  of  degeneration 
and  subsequent  fibrosis  of  muscles  by  temporary  anemia  is  so  difficult 
experimentally  that  it  is  rather  unlikely  that  the  exact  set  of  conditions 
for  its  causation  would  be  present  in  any  clinical  instance. 
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INTESTINAL     ADKNOMAS     OF     ENDOMETRIAL     TYPE 

THEIR     IMPORTANCE     .\ND     THEIR     REL.\TION     TO     OVARIAN 

HEMATOMAS     OK     ENDO.METRIAL     TYPE      (PERFORATING 

HEMORRHAGIC     CYSTS     OF     THE     OVARY)  * 

JOHX     A.    SAMPSON.     M.D. 

AI.B.WV,    X.    V. 

In  a  recent  article  I  .stated  that  I  '  believed  that  perforatinc;  hemor- 
rhagic (chocolate)  cy.sts  of  the  ovary  were  hematomas  of  endometrial 
tviie,  and  that  at  the  time  of  the  perforation  of  the  cyst  some  of  the 
epithelium  lining  it  might  be  carried  with  the  contents  of  the  cyst  into  the 
peritoneal  cavity.  This  epithelium  might  become  lodged  on  the  surface 
of  the  peritoneum,  soiled  by  the  contents  of  the  cyst,  and  there  develop 
into  adenomas  of  endometrial  type.  The  adenomas  arising  from  the 
implantation  of  this  epithelium  might  be  small  and  quiescent,  or  they 
might  become  invasive,  giving  rise  to  so-called  adenomyomas  of  the 
part  invaded.  I  compared  the  conditions  arising  from  the  perfora- 
tion of  these  cysts  with  the  implantations  of  ovarian  papilloma  and 
cancer  resulting  from  the  rupture  or  perforation  of  an  ovarian  tumor 
containing  these  growths.  These  cysts  were  described  as  developing 
most  frequently  in  women  between  30  years  of  age  and  the  meno- 
pause. In  the  forty-nine  cases  studied  up  to  this  date  (Nov.  25,  1921) 
only  four  patients  were  under  30  years  of  age,  the  youngest  being 
23  (the  other  three  were  28).  I  have  encountered  only  one  instance 
in  a  patient  after  the  meno])ause.  In  this  case  the  remains  of  an 
undoubted  ovarian  hematoma  of  endometrial  type,  with  its  associated 
implantation  atfenomas,  were  found. 

The  size  of  these  hematomas  was  described  in  the  previous  paper 
as  being  usually  between  2  and  4  cm.  in  diameter,  occasionally  less 


*  Read    in    part    liefore    the    Iiitcnirhan    Surgical    Society,    .'\lbany.    N.    Y., 
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than  2  cm.  and  also  ncca>i(iiially  larger  than  4  cm.  Since  I  have 
learned  to  recognize  the  early  stages  in  the  dexelopment  of  this  condi- 
tion and  likewise  some  of  the  later  stages  in  their  retrogression,  I 
have  lieen  able  to  detect  specimens  which  previously  would  have  been 
o\erlo(ikcd.  1  would  modify  the  foregoing  statement  in  regard  to 
their  size  by  adding  that  the\-  are  often  so  small  and  inconspicuous 
that  they  may  be  easily  missed  both  at  the  time  of  the  operation  and  in 
the  pathologic  laboratory.  The  hemorrhage  or  pigmentation,  the  result 
of  previous  hemorrhage,  in  the  oxarian  tissue  about  the  smaller  cysts 
or  extending  into  their  hnnina  will  usually  call  one's  attention  to  an 
abnomial  condition  of  the  ovary.  The  histologic  examination  of  this 
area  will  show  whether  or  not  a  gland,  tubule  or  small  cyst  of  endo- 
metrial type  is  present. 

In  discussing  the  frequency  of  this  condition,  I  stated  that  during 
the  year.  May  1,  1920,  to  May  1,  1921,  I  had  found  perforating 
hemorrhagic  cysts  of  the  ovary  in  fourteen  of  178  patients  between 
30  and  50  years  of  age  who  had  had  an  abdominal  operation  for  some 
disease  of  the  pelvic  organs.  Since  I  have  learned  to  recognize  the 
earlier  and  also  the  later  stages  of  this  condition,  I  have  reviewed  some 
of  the  questionable  specimens  removed  during  that  year  and  ha\e  been 
able  to  add  four  more  cases  to  the  fourteen.  During  the  last  six 
operati\e  months,  I  have  encountered  nineteen  cases  of  perforating 
hemorrhagic  cysts  of  the  ovary  in  my  practice.  The  amount  of  my 
operative  work  has  not  increased  and  I  do  not  believe  the  frequency 
of  this  condition  has:  but  I  am  better  able  to  recognize  it,  both  during 
the  operation  and  in  the  systematic  study  of  the  specimens  after- 
ward. It  is  a  common  condition,  jjrobably  present  in  from  10  to  20  per 
cent,  of  women  between  30  years  of  age  and  the  menojjausc  who 
require  an  abdominal  operation  for  some  disease  of  the  pelvic  organs. 

At  operation  the  cyst  or  ovary  is  usually  adherent,  and  in  freeing 
it  the  "chocolate"  contents  escape  because  a  previous  perforation, 
which  has  been  sealed  by  whatever  structure  the  ovary  or  cyst  has 
become  adherent  to,  is  reopened  or  the  cyst  is  torn.  Adhesions  and 
other  signs  of  implantation  are  present  if  a  perforation  has  occurred, 
and  these  vary  greatly  in  location  and  extent.  They  are  found  where 
the  contents  from  the  perforation  of  such  a  cyst  would  be  likely  to 
fall,  as  in  any  of  the  natural  pockets  and  folds  of  the  pelvis  and 
on  any  of  the  structures  situated  in  the  pelvis  at  the  time  of  perfora- 
tion and  especially  in  the  bottom  of  the  culdesac.  One  would  suppose 
that  the  rectum,  sigmoid,  terminal  loop  of  the  ileum  and  the  appendix 
w^ould  frequently  be  invaded  by  these  adenomas.  This  is  true  as  will 
be  show^n  later  in  this  communication. 
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THE     INCinEXCK     OK     ADENOMAS     OF     ENDOMETRIAL     TYPE    OF 

THE     INTESTINE     AND     THEIR     RELATION     TO     OVARIAN 

HEMATOMAS     OK     ENDOMETRIAL     TYPE 

My  attention  was  first  directed  to  a  so-called  adenomyoma  of  the 
intestine  in  the  year  1909  (Case  1).  February  10  of  that  year,  I 
operated  on  a  woman,  36  years  of  age,  the  preoperative  diagnosis 
being  a  tubal  inflammatory  disease  of  the  left  side  and  a  weakened 
pelvic  floor.  ( )n  exposing  the  pelvic  contents,  the  left  ovary  was 
found  to  be  cystic  and  densely  adherent.  1  removed  the  left  tube 
and  ovary  and  then  noticed  that  there  was  an  indurated  area  in  the 
wall  of  the  sigmoid,  just  below  the  pelvic  brim,  which  was  diagnosed 


Fig.  1. — hnplantatioii  carcinoma  of  the  sigmoid  secondary  to  the  perforation 
of  a  carcinomatous  cyst  of  the  right  ovary ;  bilateral  ovarian  carcinoma.  View 
of  the  pelvic  contents  from  above;  X  ■".!.  The  implantations  (i)  are  shown  on 
the  anterior  surface  of  the  sigmoid,  its  mesentery,  on  the  posterior  surface  of 
the  left  broad  ligament,  and  also  involving  an  epiploic  appendage  (c).  The 
growth  ((/)  on  the  surface  of  the  left  ovary  may  have  been  an  implantation 
from  the  right  ovary  or  a  direct  extension  through  the  wall  of  the  left  ovary. 
A  perforation  had  occurred  through  the  lateral  and  lower  wall  of  the  right 
ovarian  cyst  and  this  had  been  sealed  by  the  pelvic  wall,  to  which  it  had  become 
adherent.  The  left  ovarian  tumor,  about  as  large  as  the  right,  filled  the  culdesac 
and  only  a  small  portion  of  it  is  shown  in  this  illustration.     Compare  Figure  2. 
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as  a  t-arciiKiiiia  of  this  part  (if  the  bowel.  About  (S  cm.  of  tlie  intestine, 
incliuHnj;-  tliis  area,  was  resected  and  the  intestine  was  repaired  by  an 
end-to-end  anastuniusis.  A  section  of  the  intestine  showed  a  typical 
adenoma  of  endometrial  tyjie,  apparently  invadino;  the  sigmoid  from  its 
serous  surface  (Fig.  46  i.  The  cystic  ovary  was  not  examined  micro- 
scopicallv  and  no  mention  was  made  in  the  operative  notes  of  the 
presence  of  an  ovarian  hematoma.  In  only  one  of  the  twenty-three 
cases  reported  in  mv  recent  paper  was  a  jiortion  of  the  intestine 
removed  (Case  19  of  that  series  and  Case  2  of  the  present  series). 
The  histologic  findings  in  the  section  of  the  sigmoid  removed  in 
this  case  are  shown  in  Figure  42  and  are  similar  to  those  found  in 
the  preceding  one.  With  mv  present  knowledge  of  the  subject, 
I  believe  that  hafl  I  examined  carefully  the  portions  of  the  intestine 
in   the   jielvis   in   the  twenty-three  cases   mentioned   aliove  and   had    it 


Fig.  2. — Bilateral  ovarian  carcinoma  with  perforation  of  tlie  riglit  car- 
cinomatous ovarian  cyst  and  implantations  on  the  posterior  layer  of  both 
broad  ligaments,  the  fallopian  tubes  and  the  posterior  wall  of  the  uterus. 
Posterior  view  of  the  uterus,  tubes  and  ovaries  shown  in  Figure  1 ;  X  /4.  The 
implantations  (i)  on  the  posterior  layers  of  the  broad  ligaments  are  shown 
(Compare  with  Figs.  13  and  19).  The  implantation  involving  the  distal  portion 
of  the  right  tube  had  penetrated  the  wall  of  the  tube  and  is  protruding  through 
its  fimbriated  opening  (c).  Implantations  {/»(/>.)  are  present  on  the  posterior 
wall  of  the  uterus  (Compare  with  Figs.  13  and  28).  The  growth  (g)  was 
referred  to  in  Figure  1.  In  places  the  carcinoma  resembled  an  adenocarcinoma 
of  the  uterine  mucosa.  Some  of  the  cells  were  ciliated.  I  believe  this  tumor 
may  have  arisen  from  misplaced  "endometrial"  epithelium  in  the  ovary,  just  as 
ovarian  hematomas  of  endometrial  type  arise  from  this  epithelium.  Ovarian 
carcinomas  with  their  secondary  peritoneal  implantations  are  a  well  recognized 
pathologic  entity  and  also  a  well  recognized  clinical  entity  which  can  often  be 
diagnosed  prior  to  operation. 
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Ijeeii  possible  to  ixaniiiu-  histologically  the  portion  of  the  rectiiin 
which  was  adherent  to  the  posterior  wall  of  the  cervix  and  uterus, 
adenoma  of  endometrial  type  would  have  been  found  in  a  large 
percentage  of  these  cases.  In  the  nineteen  cases  of  ovarian  hematomas 
in  which  I  have  operated  since  the  above  mentioned  series,  adenoma  of 
endometrial  type,  involving  some  portion  of  the  intestinal  tract,  was 
found  in  eight  instances ;  and  I  believe  that  had  it  been  feasible  to 
examine  histologically  the  portion  of  the  rectum  adherent  to  the 
cervix  or  uterus  in   some  of   llic  iilher>  adenonia   invading  tlic  rectum 
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Fig.  }i  (Case  4). — Perforated  hematoma  (hemorrhagic  cyst)  of  endometrial 
type  of  the  right  ovary.  View  of  the  pelvic  contents  from  ahove :  X  %•  The 
ovarian  cyst  filled  the  pelvis.  .^  perforation  had  occurred  througli  the  lower 
wall  of  the  cyst  and  this  had  heen  scaled  l>y  the  posterior  surface  of  the  right 
broad  ligament  to  which  it  had  become  adherent.  On  freeing  the  right  ovary, 
the  cyst  was  torn  or  the  perforation  reopened  and  a  large  amount  of  "chocolate" 
fluid  escaped.    Compare  Figure  4. 


would  have  been  found  in  some  of  these.  This  small  series  of  nine- 
teen cases  suggests  that  implantation  adenoma  of  endometrial  tvpe 
of  some  portion  of  the  intestinal  tract  may  be  present  in  at  least 
one  half  of  the  cases  of  perforated  ovarian  hematoma  of  endometrial 
ty])e   with   i)eritoneal   im|)lantations.      If   this  type   of   ovarian   hema- 
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tonia  occurs  in  fmrn  10  In  20  per  cent,  of  women  l)et\veen  30  years 
of  age  and  llie  nienu])aiise  that  require  an  abdominal  operation  for 
some  pelvic  disease,  tlien  endometrial  adenoma  of  the  intestines  is 
quite  a  common  condition.  On  account  of  its  frcc|uenc\-,  pathologic 
and    clinical    importance,    it    deserves    a    greater    recognition    than   has 


f 


l-ii^.  4  (Ca^c  4  I. —  lni|>laiiialion  adenoma  (of  endometrial  tjpc)  of  the  sig- 
moid, posterior  surface  of  the  uterus,  left  tube  and  left  ovary;  and  a  large 
hematoma  (of  endometrial  type)  of  the  right  ovary  with  evidence  of  a  previous 
perforation.  Condition  found  at  operation  after  ligating  and  cutting  the  ovarian 
vessels  and  drawing  the  uterus  upward  and  forward ;  X  %•  An  indentation  of 
the  sigmoid  with  thickening  of  its  wall  is  shown  at  c  (Compare  Fig.  5.)  A 
hemorrhagic  cyst  on  the  surface  of  the  mesentery  of  the  sigmoid  with  induration 
of  the  underlying  tissue  is  indicated  at  a  (Compare  Fig.  8).  The  epiploic 
appendages  (b)  are  thickened  and  contracted  (Compare  Figs.  6  and  7).  The 
perforation  />  in  the  hematoma  of  the  right  ovary  is  shown  and  also  implanta- 
tions (0  in  the  left  tube.  The  distriliution  of  the  involvement  of  the  sigmoid 
is  similar  to  that  shown  in  Figure  I.  For  a  description  of  the  right  ovarian  cyst 
and  the  implantations  on  tin-  posterior  surface  of  tlic  uterus  and  tube,  compare 
Figures  9,  10,  11  and  12. 
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Fig.  5  (Case  4). — Adenoma  (of  endometrial  type)  in  the  wall  of  the  sigmoid. 
A  small  wedge-shaped  piece  was  e.xcised  from  the  indurated  wall  of  the  sig- 
moid shown  at  c.  Figure  -I.  Photomicrograph  shows  a  glandlike  space  (17) 
lined  by  columnar  epithelial  cells  resembling  those  of  the  endometrium. 
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Fig.  6  (Case  4). ^Adenoma  (of  endometrial  type)  of  an  epiploic  appendage. 
Cross  section,  X  10.  of  one  of  the  epiploic  appendages  shown  at  b.  Figure  4. 
The  adenoma  has  apparently  invaded  the  appendage  in  the  depression  indicated 
by  the  arrow  and  has  extended  through  the  appendage  appearing  on  the  opposite 
side  as  an  endometrial  polyp  (i-).  The  marked  increase  in  the  connective  tissue 
about  the  adenoma  may  be  noted. 
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been  accorded  it  in  the  past.  Tlie  (|uestion  naturally  arises,  Do  all 
cases  of  this  type  of  adenoma  of  the  intestines  arise  from  the  implanta- 
tion of  the  epithelial  contents  of  a  perforated  ovarian  hematoma  of 
endometrial  type?  The  twelve  cases  of  this  type  of  intestinal  adenoma 
which  I  have  studied  were  all  associated  with  an  ovarian  hematoma 
(not  positively  proved  in  one  case)  and  could  have  arisen  from  them. 
The  ovarian  hematomas  may  be  very  small  (Fig.  52),  and  in  the 
retrogressive  changes  due  to  repeated  hemorrhage  and  loss  of  their 
epithelial  Hning,  the  remains  of  the  smaller  ones  may  become  very 
inconspicuous  (Fig.  51),  or  they  may  even  entirely  disappear.  For 
these  reasons  it    is  difficult   to  rule  out   tlu-   ovar^-  as  a   source  of  the 


)'i;^.  7  (ia^^■  4  ) .— I'lii.l.  niiK  I .  .y  1  a|ili  .jl  .ul^-ii.  .ma  (..t  ciidi.iiictridl  tyiie  I  ui  an 
epiploic  appendage  at  tlie  apparent  portal  of  invasion.  The  arrow  indicates  the 
portal  of  invasion.  The  appearance  of  the  tissues  at  this  place  suggests  that 
the  epithelium  originally  implanted  on  the  appendage  had  died  out;  this, 
together  with  the  increase  in  the  connective  tissue,  causes  the  retracted  condi- 
tion. The  glandlike  spaces  and  tubules  are  lined  by  columnar  epithelium  similar 
to  that  found  in  the  endometrium  and  also  that  lining  the  perforated  ovarian 
hematoma  (Fig.  11"). 

implantations,  even  though  the  ovaries  appear  normal.  However,  I 
believe  that  they  niay  also  arise  from  a  source  other  than  ovarian 
hematomas,  as  will  be  discussed  later  in  this  paper. 

I'.ATHOLOGIC      AN.\TOMV 

Implantation  carcinoma  of  the  various  organs  and  structures  of 
the  ])eritoneal  cavitv  is  well  recognized  l)oth  l)y  ])athologists  and 
clinicians   and   likewise   the    imixirtant    part    played    by   ovarian   carci- 
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noma  as  a  source  of  these  iniplanlatioiis.  lnii)lanlalion  ailenonias  of 
eiulometrial  type  are  analogous  to  those  of  carcinoma,  and  1  believe 
that  ovarian  hematomas  of  endometrial  type  with  perforation  are  a 
frequent,  jx)ssibly  the  principal,  source  of  these  implantations.  The 
implantations,  as  in  those  of  ovarian  carcinoma,  are  found  where 
the  contents  escaping  from  the  perforation  of  such  a  hematoma  would 
be  likely  to  fall,  as  on  any  of  the  structures  found  in  the  pelvis  and 
especially  in  the  culdesac.  As  already  stated,  we  would  expect  that  the 
p,, ,-.;,,. I.  of  i!v  imf-tinal  !r:i'-t  iinmia11\-  found  in  the  pelvis  would  often 
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Fig.  8  (Case  4). — Implantation  adenoma  (of  endometrial  type)  invading  tlie 
mesentcrj-  of  the  sigmoid.  I  believe  the  hemorrhagic  bleb  (Fig.  4  o)  was 
encysted  menstrual  blood  from  the  underlying  adenoma  which  is  shown  in  this 
photomicrograph.  The  glandlike  structures  are  of  endometrial  type,  with  evi- 
dence of  hemorrhage  (menstrual)  into  the  tissues  about  them  and  into  the 
lumina  of  some  of  the  glands.  The  reaction  of  the  surrounding  tissue  is  similar 
to  that  shown  in  Figure  7. 

be  the  seat  of  these  implantations.  I  believe  that  implantations  are 
often  present  on  the  rectum,  sigmoid,  small  intestine  and  ajipcndix.  In 
the  twelve  cases  reported  in  this  communication  the  rectum  and  the  sig- 
moid, including  the  epiploic  appendages  and  their  mesentery,  were 
involved  in  eiglit,  the  appendix  in  four  and  the  small  intestine  in  two. 
It  is  interesting  to  note  that  of  the  eight  instances  of  implantation  on 
the  sigmoid  and  rectum  the  ovarian  hematoma  was  situated  in  the 
left  ovary  in  six ;  v^'hile  of  the  four  instances  of  implantation  on  the 
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Fig.  9  (Case  4). — Photomicrograph  of  an  iiiiplantation  adenoma  (of  endo- 
metrial type)  on  tlie  surface  of  the  left  tube  (Fig.  4  /).  Histologically,  it 
resembles  normal  endometrium.  It  is  analogous  to  the  implantation  carcinoma 
shown  in  Figure  2. 
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Fig.  10  (Case  4). — The  invasion  of  the  posterior  uterine  wall  from  the 
implantation  of  adenoma  (of  endometrial  type)  on  its  surface  (Fig.  13  c). 
Photomicrographs  of  serial  sections  (some  sections  purposely  not  shown)  :  A 
shows  the  adenoma  on  the  surface;  B.  its  invasion  of  the  uterine  wall,  and  C. 
tubules  or  glands  in  the  uterine  wall  beyond  the  implanted  area  giving  rise  to  a 
so-called  adenomyoma  of  the  uterus.  I  believe  that  this  adenoma  of  the  uterus 
did  not  arise  from  the  direct  invasion  of  the  uterine  mucosa  of  the  uterine 
cavity  or  from  developmental  inclusions  of  muUerian  epithelium  or  from  a 
metaplasia  of  the  peritoneal  mesothcliuni ;  but  I  lielieve  it  arose  from  the 
implantation  of  epithelium  from  the  lining  of  a  hemorrhagic  cyst  of  the  ovary 
which  had  perforated  (Compare  Figs.  11  and  12). 
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ap])(.Mi(lix  tlie  ovarian  heniatuma  was  situated  in  the  right  ovary  in 
all  four.  This  suggests  that  while  the  intestinal  implantations  from 
either  ovarv  may  be  general  in  their  pelvic  distribution  the  portion 
of  the  intestine  usually  situated  near  that  ovary  is  more  likely  to  be 
involved. 

The  character  of  the  lesions  varies  greatly;  most  of  them  are 
insignificant  and  chiefly  of  histologic  interest,  but  even  these  carry 
with  them  the  possibility  of  invasion,  coupled  with  that  of  function, 
namelv.  periodic  hemorrhage  (menstruation).  The  menstrual  blood 
may  be  unable  to  escape  and  is  retained  in  the  tissues  surrounding 
the  adenoma  or  in  its  lumen.  In  other  instances  the  menstrual  blood 
escapes  into  the  peritoneal  cavity,  possibly  carrying  with  it  eijithelial 
cells  which  may  give  ri.se  t(j  further  implantations,  just  as  the  implanta- 
tions arose  from  the  original  source.     The  adenom;i  then  may  spread 


Fig.    \'.  ■         1  liMtoniicrograpli    of   a    >(.itii)n   nf  the  wall   of  the  per- 

forated htmatoiua  ^ul  ciulometrial  type)  of  the  right  ovary.  The  cyst  or 
hematoma  is  lined  by  ciilioidal  to  columnar  epithelium,  with  evidence  of  hemor- 
rhage into  the  underlying  ovarian  stroma  just  as  in  menstruating  uterine  mucosa. 
Histologically,  the  epithelium  lining  the  hematoma  is  similar  to  that  lining  the 
glands  and  tuljules  in  the  implantations.  The  escape  of  this  blood  into  the 
cavity  of  the  hematoma  would  carry  with  it  some  of  the  overlying  epithelium 
(absent  in  places),  and  the  escape  of  the  contents  of  the  cyst  through  the  per- 
foration might  carry  some  of  these  epithelial  cells  into  the  peritoneal  cavity: 
and  wherever  they  might  lodge  peritoneal  implantations  might  arise  just  as  in 
ovarian  carcinoma.  I  believe  this  was  the  origin  of  the  majority  (possibly  all.)  of 
the  iinplantation  adenomas  shown  in  the  illustrations  of  this  case. 


from  the  implantations  both  by  growth  by  continuity  and  by  implanta- 
tions. In  other  instances,  the  implantation  adenoma  is  of  great  clinical 
importance,  that  is,  when  it  involves  some  portion  of  the  intestinal 
tract  in  such  a  way  as  to  interfere  with  its  function.  The  disturbance 
of   function  is  then  a  mechanical  one,  as  in  carcinoma,  namelv.  that 
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nf  (ilistniciidii,  and  the  obstruction  in  endometrial  adenoma  may  be 
due  to  lliree  factors:  first,  the  constriction  of  the  lumen  of  the 
bowel  by  the  growth  and  especially  by  the  marked  hypertropliy  of  the 
tissues  .surrounding  the  adenoma  (Fig.  34);  second,  by  kinking 
the  intestine,  e\ident  in  Figure  4,  and  third,  by  the  accumulation  of 
menstrual  blood  in  the  adenoma  causing  hematomas  (Fig.  42).  The 
symptoms  of  obstruction  may  be  more  marked  during  the  menstrual 
period,  as  at  that  time  more  blood  may  escape  into  the  adenoma 
situated  in  the  wall  of  the  intestine  (Cases  2,  4  and  8).  The  various 
lesions  found  in  the  intestinal  tract  are  similar  to  those  implanted 
on   other   pelvic   structures,   such   ;is  the   uterus   with  its   adnexa  and 


Fig.  12  (Case  4). — Photomicrograpli  of  the  cyst  wall  showing  an  extensive 
stromal  hemorrhage  with  loss  of  some  of  the  surface  epithelium  which  has  been 
carried  by  the  hemorrhage  into  the  cavity  of  the  cyst  and  into  the  peritoneal 
cavity  through  the  perforation.  A  gland  (<;)  of  endometrial  type  is  present  in 
the  stroma. 


ligaments.  The  latter  are  much  easier  to  study  histologically,  as  they 
may  be  more  safelv  removed.  The  implantation  begins  with  the  deposit 
of  epithelium  on  the  peritoneal  surface  of  these  structures.  This 
epithelium  sinks  into  the  underlying  tissues,  and,  true  to  its  type, 
forms  glands  and  tubules  as  shown  in  the  previous  communication. 
In  some  instances,  a  localized  growth  of  endometrial  mucosa  arises 
like  a  polyp  which  may  be  sessile  or  pedunculated,  simulating  the 
polyps  found  in  the  uterine  cavity.  In  other  instances  the  tubules 
invade  the  underlying  tissue   with  very  little  evidence  of  the  growth 
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on  the  surface.  The  eijiilielinni  (>rij;iiially  iin])lanK-(l  may  "(he  out" 
or  may  be  covered  with  adhesions  so  that  in  some  of  the  older  lesions 
it  may  be  imjwssible  to  determine  the  exact  site  of  the  original  implanta- 
tion. The  tubules  often  burrow  through  the  tissues  in  many  directions 
and  the  portal  of  entry,  if  still  present,  may  only  be  determined  by 
cutting  many  sections,  or  better  still  bv  cutting  .-.erial   sections    (Fig. 

I    have  made   the    following  classification   of   these   implantations. 
It   is   somewhat  artificial,  as  all  gradations  between  the  groui)s  may 


Fig.  13  (Case  4). — Perforated  hematoma  (of  endometrial  type)  of  the  right 
ovary,  with  implantation  adenomas  (of  endometrial  type)  on  the  posterior  sur- 
face of  the  left  tube  (a),  the  uterus  {h  and  c),  the  left  ovary  and  the  sigmoid, 
including  its  mesentery  and  epiploic  appendages  (Fig.  4).  Posterior  surface  of 
the  uterus  and  tubes  and  under  surface  of  the  ovaries  ;  X  %■  Compare  with 
Figure  2.  A  perforated  hematoma  (of  endometrial  type)  of  the  ovary  with  its 
peritoneal  implantations  is  a  pathologic  entity  as  definite  as  that  of  ovarian 
carcinoma  with  its  implantations  and  also  a  clinical  entity  which  can  often  he 
diagnosed  prior  to  operation  (Compare  histories  of  Cases  4,  8,  10,  11  and  12). 


be  found  and  more  than  one  group  may  be  present  in  the  same  case : 
(1)  surface  and  superficial  implantations;  (2)  implantations  develop- 
ing between  adherent  folds  of  peritoneum  or  other  adherent  structures, 
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well  seen  in  the  culdesac  between  the  rectum  and  uterus  (pocketed 
iniplantatie)ns  )  ;  (3)  the  deej)  invasicm  of  the  ademmia  intu  the  under- 
lying structure. 

1.  Surface  and  Su]3erficial  Iniplantatidus ;  These  probably  form 
the  largest  group. 

(a)  The  most  frequent  lesion  in  this  group  is  the  presence  of  sub- 
peritoneal glands  and  tul)ules  of  endometrial  type,  usually  with  evi- 
dence of  hemorrhage  into  the  surrounding  tissue  or  into  the  lumen 
of  the  "lands  or  tubules.     The  surface   of  the  intestine   or   structure 


Fig.  14  (Case  5). — bnplantation  adenoma  (of  endometrial  type)  in  the 
culdesac,  fusing  the  posterior  wall  of  the  cervi.x  to  the  anterior  wall  of  the 
rectum  and  superficially  invading  both  the  cervix  and  the  rectum ;  a  large 
hematoma  (of  endometrial  type)  of  the  left  ovary  with  evidence  of  a  previous 
perforation :  multiple  leiomyomas  of  the  uterus.  Condition  found  at  the  opera- 
tion (natural  size).  The  cervix  is  drawn  upward  by  a  tenaculum,  showing  the 
rectum  fused  to  the  cervix  and  carried  with  the  latter  in  a  characteristic  manner. 
Small  pigmented  blebs  were  present  on  the  posterior  surface  of  the  cervix  and 
the  anterior  wall  of  the  rectum  along  the  line  of  their  fusion.  The  ovarian 
cyst  is  shown  adherent  to  the  bottom  of  the  pelvis  and  the  tip  of  the  omentum 
was  drawn  down  by  these  adhesions.  When  the  cyst  was  freed,  its  wall  was  torn 
or  the  perforation  was  reopened  and  a  large  amount  of  chocolate  fluid  escaped. 


SAMPSO.\—/.\TEST/\AL    ADEXOMAS 


231 


^;^#'^.^b^ 


Fig.  15  (Case  5). — Photomicrograph  of  a  section  from  the  posterior  wall  of 
the  cervix  showing  the  collapsed  glands  and  dilated  tubules  of  endometrial  type 
which  prior  to  the  operation  were  tilled  with  retained  blood   (menstrual). 
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Fig.  16  (Case  5). — Photomicrograph  (low  power)  of  a  portion  of  the  wall 
of  the  ovarian  hematoma  near  its  hilum.  This  shows  that  the  surface  epithelium 
is  for  the  most  part  lacking.  Some  of  the  epithelium,  however,  is  still  present 
in  depressions  (rf);  and  glandhkc  structures  (;;)  are  also  situated  in  the  deeper 
portions  of  the  ovarian  tissue  lining  the  hematoma.  Histologically,  these  struc- 
tures arc  similar  to  uterine  glands  and  also  to  the  glandlike  structures  shown  in 
Figure  IS.  Epithelium  was  found  only  in  sections  taken  from  the  upper  part 
of  the  hematoma. 
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involved  is  thickened  and  the  brown  pigmented  dots  (1  to  2  mm.  in 
diameter)  and  larger  elevated  areas  due  to  the  above  mentioned 
menstrual  hemorrhage  may  be  easily  detected  at  operation  (Figs. 
19,  20.  21  and  22). 

(b)  Endometrial  tissue  on  the  surface  of  the  intestine  including 
polyps.  The  epithelium  deposited  on  the  peritoneal  surface  may  form 
typical  endometrial  tissue.  The  growth  is  often  small  and  insignifi- 
cant and  at  times  typical  endometrial  polyps  may  develop  (Fig.  33 
and  49). 
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Fig.  17  (Case  5). — Photomicrograph  (high  power)  of  one  of  the  depressions 
with  an  epithelial  lining  shown  in  Figure  16.  It  is  lined  by  low  to  columnar 
epithelium  of  endometrial  type,  the  columnar  epithelium  prevailing.  The  tissue 
surrounding  this  depression  is  composed  mostly  of  pigmented  cells  of  the  type 
of  endothelial  leukocytes  which  formed  the  greater  part  of  the  lining  of  the 
hematoma. 


(c)  Larger  subperitoneal  hematomas,  a  later  stage  of  the  lesion 
mentioned  in  a,  may  arise  from  the  retention  of  the  menstrual  blood 
in  the  lumen  of  the  dilated  glands  or  tubules  (Figs.  37  and  38). 

(d)  Blood  escaping  from  these  implantations  may  become  encysted 
and  form  small  hemorrhagic  blebs  (Fig.  26). 

2.  Implantations  Developing  Between  Adherent  Folds  of  Peri- 
toneum or  Other  Adherent  Structures  (Pocketed  Implantations)  :  The 
parts  involved  become  fused,  and  on  separating  them  the  surface  of 
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the  freed  structures  often  presents  a  cliaracteristic  "pitted"  apjiear- 
ance,  due  to  the  exposure  of  the  endometrial  tissue  in  the  pockets 
between  the  adhesions  or  in  tlie  tissues  of  the  organ  invaded  (Figs. 
27.  28.  29  and  30). 

3.     The    Deep    Invasicm    of    the    Adenoma    into    the    L'ndcrlving 
Structures:  The  tubules  iiiav  worm  their  way  into  the  tissues  of  the 


Fig.  18  (Case  5). — Sagittal  section  of  the  myomatous  uterus  and  adjacent 
pelvic  structures  indicating  the  condition  present  prior  to  the  operation.  The 
adenoma  of  endometrial  type  is  shown  fusing  the  cervix  to  the  rectum  and 
superficially  invading  these  structures.  Tlie  ovarian  hematoma  or  hemorrhagic 
cyst  is  shown  both  in  situ  and  also  in  sagittal  section,  with  evidence  of  a 
previous  perforation,  indicated  by  the  arrow.  The  diagnosis  is  evident — an 
ovarian  hematoma  of  endometrial  type  with  perforation  and  the  escape  of  some 
of  its  epithelium  into  the  culdesac  and  the  subsequent  growth  of  this  epithelium 
giving  rise  to  an  adenoma  of  endometrial  type  in  this  situation  as  in  an  ovarian 
carcinoma  with  perforation. 


234 


AKCIllfES     OF    SURGEKV 


Fig.  19  (Cast'  Itli. —  IniiilaiUation  adeiKMiia  nt  eiulnmctrial  t}pe  of  tlie  rectum, 
rectovaginal  septum,  mesentery  of  the  appendix,  epiploic  appendage  of  the 
sigmoid,  tuljes,  posterior  layers  of  l.ioth  broad  ligaments,  posterior  uterine  wall ; 
hematoma  of  endometrial  type  of  the  left  ovary  (not  perforated)  and  of  the 
right  ovary  perforated,  multiple  leiomyomas.  Posterior  view  of  the  uterus  and 
appendages  as  they  appeared  at  the  operation ;  X  %•  The  ovaries  are  also 
shown  in  cross  section.  On  drawing  the  uterus  upward,  the  rectum  is  carried 
with  it  hecause  it  is  fused  to  the  posterior  wall  of  the  cervix  and  the  lower 
portion  of  the  body  of  the  uterus.  The  characteristic  lesions  are  shown  on  the 
wall  of  the  rectum  above  its  fusion  with  the  uterus.  Implantation  adenoma  of 
the  uterus  is  show-n  at  Ad :  at  H  an  endometrial  hematoma  is  situated  in  the 
uterine  wall  (Fig.  23).  The  implantations  (i)  are  shown  on  the  posterior  sur- 
face of  both  broad  ligaments.  The  left  ovary  was  not  adiierent  and  a  non- 
jierf orated  hematoma  of  endometrial  type  is  shown  in  the  cross-section  of  this 
ovary  at  c.  The  right  ovary  was  densely  adherent  to  the  posterior  surface  of 
the  uterus.  When  it  was  freed,  "chocolate"  fluid  escaped,  hecause  a  previous 
perforation  had  occurred  (indicated  by  arrow  and  p).  The  right  ovary  is  shown 
in  cross-section   (collapsed);  compare  Fi.gure  24. 
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Fig.  20  (Case  10). — .Appendix  and  portion  of  an  epiploic  appendage  of  the 
sigmoid  (natural  size).  An  implantation  adenoma  of  endometrial  type  is 
present  in  the  mesentery  of  the  appendix  at  A  (Compare  Fig.  21).  The  appear- 
ance of  the  characteristic  lesions  of  the  epiploic  api)endage  is  shown  in  Eh.  app. 
(Compare  Fig.  22). 


'••% 


Fig.  21  (Case  10). — Cross-section  of  the  appendix  and  its  mesentery  through 
the  adenoma  with  hemorrhage  (/i)  into  the  tissue  ahout  it  (Compare  Fig.  20  A). 
Histologically,  it  is  similar  to  those  shown  in  Figure  22.  L  is  a  small  lymph 
node. 
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Fig.  22  (Case  10). — Photomicrograph  of  a  section  of  the  epiploic  appendage 
shown  in  Figure  20.  This  sliows  a  characteristic  lesion  with  evidence  of 
hemorrhage  in  the  lumen  of  the  dihited  glands  and  also  in  tissue  about  them, 
thus  causing  the  pigmented  elevations  shown  in  Figure  20. 


Fig.  23  (Case  10). —  Hematoma  of  endometrial  type  in  the  posterior  uterine 
wall  at  H,  Figure  19.  I  believe  it  arose  from  an  implantation  adenoma  of 
endometrial  type  as  shown  in  Figure  10,  and  that  the  blood  is  menstrual.  What 
is  the  source  of  the  implantation  adenomas  shown  in  this  and  previous  illustra- 
tions of  this  case?  They  could  have  arisen  from  the  perforated  hematoma  of 
the  right  ovary  shown  in  Figure  19  (Compare  Figure  24). 
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intestine  often  associated  with  a  marked  tliiokc-ning  of  the 
muscle  and  connective  tissue  (Figs.  6,  54  and  55).  .\i  other  times 
there  is  very  little  reaction.  Many  varieties  of  "cndonutrial"  tissue 
and  its  derivatives  are  found,  such  as  glands  and  tubules,  with  and 
without  a  characteristic  uterine  stroma,  dilated  tubules  with  flatten- 
ing of  the  epithelium  (Figs.  42  and  43).  miniature  uterine  cavities 
(  Fig.  43).  hematomas  due  to  the  retention  of  menstrual  blood  (Figs. 
42  and  46)  and  structures  resembling  the  mucosa  of  the  fallopian  tube. 
The  invasion  of  the  rectum  is  usually  associated  with  a  thicken- 
ing of  the  rectal  wall  easily  detected  on  rectal  palpation.  Sometimes 
the  growth  extends  downward,  between  the  rectum  and  the  vagina, 
forming  a   tumor   mass   also   easily    felt   on   both   vaginal   and   rectal 
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Fig.  24  (Case  10). — Section  of  the  wall  of  the  perforated  hematoma  of  the 
right  ovary  through  the  pocket  r.  Figure  19.  It  is  lined  in  places  by  epithelium 
of  endometrial  type,  some  of  which  has  been  carried  away  by  the  underlying 
hemorrhage  and  out  through  the  perforation  into  the  peritoneal  cavity,  thus 
giving  rise  to  the  implantations.  The  pocket  is  lined  by  endometrial  tissue  as 
characteristic  as  that  lining  the  uterine  cavity. 

palpation  (Fig.  2^).  The  involvement  of  the  sigmoid  may  be  sujier- 
ficial,  as  shown  in  F'igures  26  and  il,  and  already  discussed.  When 
the  inva.sion  is  deep,  it  may  cause  an  indentation  of  the  wall  of  the 
sigmoid,  with  or  without  characteristic  gross  lesions  on  the  surface 
(  Figs.  4,  27  and  41).  The  condition  may  .sometimes  closely  simulate 
carcinoma.  The  implantation  may  involve  the  epiploic  appendages ; 
they  may  become  thickened  and  contracted,  sometimes  "curled  up" 
(  Figs.  4  and  6).  Two  epiploic  a])pendages  may  liecome  adherent  to 
each  other,  as  though  tied  together   (Figs,  il  and  39).  The  epiploic 
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ai)])en(lages  may  furnish  a  portal  of  entry  to  tin-  in\asit)n  (if  the  sig- 
moid, as  suggested  in  Figures  42  and  46.  The  vermiform  appendix  may 
l>e  invaded  from  implantations  on  its  surface  (  F"igs.  47  and  48),  its 
mesenterv  (  Figs.  20  and  21  )  and  at  the  junction  of  its  mesentery 
with  the  npjjendix   (Figs.  50  and  56). 

Two  instances  of  invasion  of  the  small  intestine  are  reported  in 
this  series,  one  from  implantation  on  the  peritoneal  surface,  fusing 
the   adjacent    walls   of   the   loop   and   invading   it    (Figs.    53   and    54). 


Fig.  25  (Case  10)  — Condition  prior  to  the  operation,  as  stun  in  sagittal 
section  of  the  uterus  and  adjacent  structures,  X  ?:i-  The  implantation  adenoma 
lodging  and  growing  in  the  culdesac  has  invaded  l:)Oth  the  uterus  and  the  rectum, 
fusing  these  parts,  and  has  extended  downward  between  the  rectum  and  the 
vagina  to  the  right  of  the  cervix  (the  perforated  hematoma  was  in  the  right 
Ovary)  forming  a  tumor  wdiicli  could  he  distinctly  felt  l)efore  operation  both 
•on  vaginal  and  rectal  palpation. 


The  second  was  hy  direct  extension  fniiii  an  implantation  on  the  sur- 
face of  the  uterus,  which  became  adherent  to  a  loop  of  the  small 
intestine  and  superficially  invaded  the  intestine  Init  more  extensively 
invaded  the  uterus,  forming  an  "adenoniynma"  (  Figs.  59  and  60). 
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Of  great  pathologic  and  clinical  importance  is  the  invasion  of  the 
lyni])li  channels  by  endometrial  jiolyps  (Figs.  44  and  45).  The  latter 
suggests  that  metastases  ni.iy  arise  and  explains  the  origin  of  adenoma 
of  endometrial  type  found  in  tJie  groin  and  other  places,  ju.st  as 
metastases  in  such  places  occur  in  ovarian  carcinoma.  Such  metastases 
may  also  arise  from  "adenomyoma"  arising  from  the  mucosa  of  the 
uterine  cavity  or  the  fallojiian  tube.  In  a  case  which  I  am  studying  at 
the  present  time,  an  "adenomyoma"  was  present  in  both  the  groin  and 
the  uterus. 


Fig.  26  (Case  8). — Implantation  adenoma  (nt  eiul(MiH-tn;il  tyi'i- )  ni  tlic  sig- 
moid, anterior  and  po.sterior  surface  of  the  uterus;  large  hematoma  of  endo- 
metrial type  of  the  left  ovary  with  evidence  of  a  previous  perforation,  uterus 
retroverted.  its  posterior  wall  being  adherent  to  the  rectum  and  sigmoid.  View 
of  the  pelvic  contents  from  above;  X  %•  The  hemorrhagic  bleb  (a)  on  the 
mesentery  of  the  sigmoid  is  similar  to  the  one  shown  in  Figure  4  and  also  to 
the  ones  indicated  by  the  letters  c  and  rf  of  this  illustration,  hn  adenoma  of 
endometrial  type  was  present  in  the  uterine  wall  beneath  the  blebs  (c  and  d). 
and  I  believe  the  blebs  were  encysted  menstrual  blood  from  the  adenoma 
implanted  in  these  areas.  The  area  on  the  sigmoid  indicated  by  b  was  slightly 
elevated  and  contained  small  pigmented  elevations,  the  latter  probably  due  to 
retained  blood  in  dilated  tubules  of  endometrial  type  or  hemorrhage  into  the 
tissues  about  these  tubules  as  shown  in  Figure  22.  The  areas  at  a  and  b  were  not 
excised. 
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For  furtlier  details  in  regard  to  the  pathologic  conditions  arising 
from  these  implantations  on  the  intestines,  see  the  illustrations  with 
their  legends. 

Ct.INICAI-     FKATURICS     01"     INTESTINAL     ADENOMAS     OF 
ENDOMETRIAL     TYPE 

These  adenomas  are  analogous  to  the  intestinal  carcinomas  ''esult- 
ing  from  the  implantation  of  malignant  epithelium  directh'  on  ihe 
surface  of  the  intestine  or  the  invasion  of  the  intestine  from  an 
implantation  on  an  adjacent  structure.  In  oxarian  carcinoma,  with 
its  secondary  peritoneal  implantations,  the  conditions  resulting  from 
these   implantations  may  he  of  much  greater  pathologic  interest   and 


Fig.  27  (Case  8). — Implantation  adenoma  of  the  sigmoid  (natural  size). 
This  was  situated  just  back  of  the  fundus  of  the  uterus.  The  intestine  is 
indented  at  this  place  (ad)  ;  its  wall  is  thickened,  and  small  pigmented  pockets 
and  slight  elevations  are  present  as  in  Figure  26  b.     This  area  was  not  excised. 

clinical  importance  than  the  primary  growth  in  the  ovary  or  ovaries, 
which  is  sometimes  small.  The  first  definite  sytnptom  arising  from  an 
ovarian  carcinoma  with  its  secondary  implantations  may  be  that  of 
intestinal  obstruction  due  to  the  occlusion  of  the  lumen  of  the  intestine 
invaded  by  the  implantation.  In  other  instances  of  peritoneal  carcinoma, 
the  involvement  of  the  intestines  is  chiefly  of  histologic  interest  as 
compared  with  the  primary  growth.  This  is  also  true  of  ectopic 
pelvic  adenomas  of  endometrial  type.  Fortunately,  the  latter  are  not 
so  invasive  as  carcinoma  :  they  grow  more  slowly,  and  their  distribu- 
tion is  more  limited.    Thev  differ  from  carcinoma  in  another  interestiu"" 
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feaiure:  They  may  combine  function  with  invasions;  they  may  take 
])ari  in  menstruation.  The  escape  of  the  menstrual  blood  from  the 
implantation  into  the  peritoneal  cavity  may  cause  other  implantations 
and  may  give  rise  to  pain  during  the  menstrual  period.  The  distention 
of  hematomas  with  menstrual  blood  may  also  cause  pain  at  that  time; 
and  if  the  hematomas  are  situated  in  the  wall  of  the  intestine,  the 
impairment  of  its  function  may  be  more  evident  or  only  present  during 
menstruation  (Cases  2,  4,  8  and  10). 

All  implantation  pelvic  adenomas  of  endometrial  type  have  certain 
clinical    features   in   common.     They   usually   manifest   themselves   in 
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Fig.  28  (Ca.'ie  8). — Perforated  hematoma  (of  endometrial  type)  of  the  left 
ovary  with  implantation  adenoma  of  the  posterior  uterine  wall.  Posterior  view 
of  the  uterus,  tubes  and  ovaries;  X  %■  The  uterus  was  densely  adherent  to  the 
rectum  and  sigmoid  and  was  separated  from  the  latter  with  difficulty.  When 
an  attempt  was  made  to  free  the  left  ovary,  the  wall  of  its  hematoma  was 
torn  and  a  large  amount  of  "chocolate"  fluid  escaped.  The  wall  of  the  hematoma 
was  so  densely  adherent  to  the  sides  of  the  pelvis  that  it  was  removed  in  frag- 
ments, hence  the  hematoma  is  indicated  only  in  outline.  Both  tubes  were 
apparently  patent,  and  the  left  tube  was  covered  with  adhesions,  probably  due 
to  the  irritating  action  of  the  contents  of  the  hematoma.  Sections  of  the  left 
tube  showed,  in  places,  implantation  adenoma.  The  hemorrhagic  blebs  on  the 
fundus  at  a  are  the  same  ones  shown  in  Figure  26  h.  The  pitted  appearance  of 
the  posterior  wall  of  the  uterus  indicated  by  h  is  characteristic  of  implantation 
adenoma  when  involved  adherent  structures  have  been  separated,  thus  exposing 
the  adenoma  in  the  depressions  or  pits  between  the  adhesions  (Compare  Figs. 
29  and  30). 
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women  between  30  years  of  age  and  the  nieno])ause.  Tliey  may  occur 
in  younger  wonieii  but  I  have  seen  only  one  instance  in  a  woman  after 
the  menopause.  In  this  case  the  condition  was  apparently  inactive. 
There  is  often  a  history  of  sterility  in  married  women  or  of  no  preg- 
nancies  in  several  years.     The  latter  condition  may   in   part  be  due 


Fig.  29  (Case  8). — Imphmtation  adenoma  invading  the  wall  of  the  uterus. 
Photomicrograph  of  a  portion  of  the  uterine  wall  through  one  of  the  pits.  The 
arrow  indicates  the  bottom  of  the  pit  between  the  adhesions.  The  adenoma  on 
the  surface  of  the  uterus  is  here  shown  invading  the  wall  of  the  uterus. 
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Fig.  30  (Case  8). — Implantation  adenoma  un  the  surface  of  the  uterus.  The 
photomicrograph  shows  a  polypoid  condition  of  the  endometrium  lining  the 
bottom  of  a  wide  pit  which  has  lieen  exposed  by  freeing  the  uterus  from  the 
adherent  sigmoid. 

to  the  age  of  the  [xitient,  as  these  adenomas  frequently  occur  in 
women  in  the  latter  part  of  the  child-bearing  age.  Painful  menstrua- 
tion of  the  acquired  variety,  or  increasing  in  severity,  is  quite  a  com- 
mon symptom  (Cases  2,  4,  5,  8  and  10).  If  pain  is  present,  independent 
of  menstruation,  it  is  not  characteristic  but  varies  as  does  pain 
associated  with  pelvic  adhesions  due  to  other  conditions.  The  symp- 
toms  for   which   the  patient   seeks   relief   may   be   due  to   some   other 
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pelvic  condition  and  the  adenomas  may  be  an  accidental  finding  ( Cases 
1.  3,  5,  6  and  7).  The  implantation  on,  or  the  invasion  of,  the 
mtcstinal  tract  may  be  chiefly  of  histologic  interest  (Figs.  20,  32.  37, 
47,  .^0  and  36)  and  does  not  cause  any  symptoms.  When  the  growth 
in  anv  wav  encroaches  u]ii)n  the  lumen  of  the  intestine,  then  symptoms 


Fig.  31  (Case  8). — Photomicrograph  showing  tho  lining  of  the  ovarian 
hematoma  near  the  hiluni  of  the  ovary.  Epithelium  of  endometrial  type  i.s  still 
present  in  places ;  in  other  places  it  has  been  carried  away  by  the  underlying 
hemorrhage  escaping  into  the  cavity  of  the  hematoma.  The  greater  portion  of 
the  hematoma  was  lined  by  a  pigmented  layer  of  ovarian  stroma  (evidence  of 
old  hemorrhage),  without  an  epithelial  covering.  Epithelium  escaping  througli 
the  perforation  could  have  given  rise  to  tlic  implantations. 


Fig.  32  (Case  11). — Uterine  polyp  f  attached  to  the  peritoneal  surface  of 
the  sigmoid  (natural  size;.  Implantation  adenoma  of  endometrial  type  (Com- 
pare Fig.  33). 

arising  from  this  may  occur;  and  these  may  be  more  marked,  or 
only  present,  during  the  menstrual  period  (Cases  2,  4.  8  and  10.  Figs. 
4,  25,  27  and  42).     Marked  constipation,  partial  obstruction,  painful 
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bowt'l  ino\enK'nts  and  pressure  sensalicuis  in  the  rectnni  during  the 
menstrual  period,  especially  in  wdiiien  between  30  years  of  age  and 
the  menopause,  are  suggestive  of  this  condition. 

The  physical  signs  vary  greatly.  The  involvement  of  the  intestine 
may  be  so  slight  or  the  lesion  may  be  so  situated  that  it  cannot  be 
detected  prior  to  operation.  The  palpatory  findings  in  the  culdesac, 
when  present,  furnish  the  most  characteristic  physical  signs.  The 
uterus  is  often  retroflexed  or  retroverted  and  adherent.  It  often  con- 
tains leiomyomas.  The  palpatory  findings  of  an  adenoma  which  may 
be  detected  on  digital  palpation  through  the  vagina  or  rectum  depend 
on  many  factors,  as  its  situation,  extent  and  form.     It  may  be  localized 
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Fig.  33  (Case  11). — Photomicrograph  of  a  longitudinal  section  of  tlie  polyp 
shown  in  Figure  32.  Histologically,  it  is  similar  to  a  polyp  arising  in  the 
uterine  cavity.    Where  could  it  have  come  from?     Compare  Figures  35  and  36. 

or  diffuse,  slight  or  extensive,  smooth  or  nodular  (shotted).  If  slight, 
the  rectal  involvement  gives  the  impression  of  a  slight  thickening 
in  the  anterior  rectal  wall  or  a  localized  nodule  without  involvement 
of  the  rectal  mucosa.  In  e.xtensive  cases  it  may  simulate  malignancy 
Sometimes  a  condition  which  gives  the  impression  of  involvement  of 
the  anterior  rectal  wall  proves  at  operation  to  be  an  invasion  of  the 
posterior  wall  of  the  cervix  or  uterus  which  is  adherent  to  the  rec- 
tum. In  other  cases  the  adenoma  may  extend  down  l>etween  the 
rectum  and  vagina  forming  a  tumor  in  this  situation  (Fig.  25). 

The  ovarian  hematoma,  if  large,  may  be  rcadilv  detected  and  the 
condition  may  sinnilatc  an  adherent  or  malignant  ovarian  cyst   (  Figs. 
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3  and  26).  If  smaller  it  may  simulate,  on  palpation,  adherent  ovaries 
associated  with  the  results  of  pelvic  peritonitis.  In  other  instances, 
the  ovarian  condition  may  be  so  insignificant  that  it  cannot  be 
detected  prior  to  operation ;  it  may  also  be  easily  overlooked  at  the 
time  of  the  operation  and  even  in  the  routine  examination  of  the 
ovaries  in  the  pathologic  laboratory  (Figs.  51  and  52).  There  is  also 
the  possibility  that  implantation  adenoma  of  endometrial  type  may 
arise  from  other  sources  than  ovarian  hematomas,  as  will  Ik;  discussed 
later. 

The  diagnosis  of  this  condition  prior  to  operation  can  usually  be 
made  in  typical  cases.  The  age  of  the  patient,  the  acquired  dysmenor- 
rhea, the  disturbance  of  intestinal   function  during  menstruation,  the 


Fig.  34  (Case  11). — Photomicrograph  of  an  implantation  adenoma  of  endo- 
metrial type  on  the  posterior  surface  of  the  uterus  (Fig.  35  a).  Histologically, 
it  is  endometrial  tissue :  similar  implantations  were  also  found  on  the  anterior 
surface  of  the  uterus.  Where  could  they  have  come  from?  Compare  Figures 
35  and  36. 

detection  of  a  small  adherent  ovarian  cyst  or  adherent  ovary  and 
the  palpatory  findings  in  the  culdesac  present  a  .syndrome  rarely  fur- 
nished by  any  other  condition.  In  a  typical  case  or  in  those  dominated  by 
some  other,  and  a  more  evident,  condition,  the  pelvic  adenoma  is  easily 
overlooked.  (Jf  the  nineteen  cases  of  ectopic  pelvic  adenomas  in  which 
I  have  operated  since  May  1,  1921,  a  correct  preoperative  diagnosis 
of  the  condition  was  made  in  ten  and  it  should  have  been  made  in 
three  others.  In  the  remaining  six  the  diagnosis  could  not  have  been 
made  prior  to  operation  as  the  adenomas  were  small  and  insignificant. 
Of  the  ten  cases  in  the  present  series  in  which  I  operated,  a  correct 
preoperative  diagnosis  of  the  condition  was  made  in  five  and  should 
have  been  made  in  two  others. 
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TREATMENT 

'I'hc  Mpirativi.-  trratniciit  of  any  ])flvic  Cdiulition  occurring:;  in  women 
who  art-  still  in  the  child-bearing  age  should  be  determined  by  many 
factors,  such  as  the  pathologic  condition,  the  desire  of  the  patient  for 
conservative  surgery,  the  results  of  the  operative  treatment  of  simi- 
lar conditions  and  especially  the  natural  course  of  the  disease  with- 
out operative  interference.  There  are  usually  two  pathologic  condi- 
tions which  present  themselves  at  the  time  of  the  operation  in  implanta- 
tion adenomas  of  endometrial  type;  first,  the  hematoma  of  the  ovary 
or  ovaries  which  may  be  the  most  evident  ])athologic  condition   found 


Fig.  .i5  (Case  U). — Perforated  licmatoma  (of  endometrial  t\pe )  of  the  left 
ovary  with  implantation  adenomas  (of  endometrial  type)  on  the  anterior  and 
posterior  surfaces  (Fig.  34)  of  the  uterus  and  on  the  anterior  surface  of  the 
sigmoid  (Figs.  32  and  33}.  Posterior  view  of  the  uterus,  tubes  and  ovaries; 
X  %•  When  the  adherent  left  ovary  was  freed  a  small  amount  of  "chocolate" 
fluid  escaped  because  a  previous  perforation  (/>)  of  the  hematoma,  which  had 
been  sealed  by  the  side  of  the  pelvis  to  which  the  ovary  had  become  adherent,  was 
reopened.  Could  the  implantations  of  adenoma  have  come  from  this  source? 
Compare  Figure  36. 


in  the  jjelvis  (Figs.  ,5  and  2(i).  In  other  cases  the  ovarian  condition 
may  be  of  minor  importance  as  compared  with  the  ini])lanlation 
adenomas  or  is  so  insignificant  as  to  be  o\'erlooked  easily  or  it  may 
occasionally  lie  absent.  .Second,  the  implantation  adenoina  of  some 
portion  of  the  intestinal  tract  may  be  the  otitstanding  condition  (Fig. 
41).     In  other  cases  it  mav  be  insignificant    (Figs.  32  and  57).     (hie 
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Fig.  36  (Case  11). — Pliotoniicrngraph  of  a  section  of  the  wall  of  llie  ovarian 
hematoma.  It  is  in  part  lined  liy  epithelium  of  endometrial  type.  Its  function 
is  similar  to  that  of  endometrium,  namely,  menstruation.  Evidence  of  recent 
(fresh  blood)  and  old  hemorrhage  (pigmented  cells)  is  present  in  the  wall  of 
the  hematoma,  thus  suggesting  repeated  hemorrhage  as  in  menstruation.  Some 
of  the  epithelium  has  been  carried  away  liy  the  underlying  hemorrhage.  What 
became  of  this  epithelium?  The  evidence  of  a  previous  perforation  would 
indicate  that  some  of  it  might  have  escaped  into  the  peritoneal  cavity  with 
the  contents  of  the  hematoma  at  the  time  of  the  perforation.  The  implantation 
adenomas  just  described  have  developed  where  the  contents  from  such  a  per- 
foralii'n  wnlH   be  likelv  to   fall. 


Fig.  37  (Case  7). —  Implantation  adenoma  (of  endometrial  type)  of  the 
sigmoid  and  its  epiploic  appendages  (natural  size).  Many  irregular  white 
elevations  were  present  on  the  anterior  surface  of  the  sigmoid,  apparently  scars 
resulting  from  some  irritating  substance  coming  in  contact  with  it.  A  brownish 
pigmented  bleb  is  present  at  h  (Compare  F"ig.  38)  and  two  epiploic  appendages 
on  each  side  of  the  sigmoid  (c)  are  adherent  to  each  other  as  though  ligatcd. 
The  bleb  (h)  was  excised  and  the  epiploic  appendages  (e  and  c)  were  removed 
(Fig.  39). 
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would  sup])ose  that  witli  tlie  establishment  of  the  menopause  ovarian 
function  would  cea^e  and  that  the  implantation  adenomas  of  endo- 
metrial type  wherever  situated  would  not  only  stop  growing  but  would 
actually  atrophy.     I  l)elie\e  this  is  the  rule;  possibly  there  may  be  an 
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Fig.  38  (Case  7). — Cross-section  of  the  bleb  b  (Fig.  i7).  It  is  a  hematoma 
filled  with  old  blood  and  lined  by  epithelium,  columnar  near  the  base  and 
flattened  toward  the  periphery.  I  believe  it  is  a  hematoma  of  endometrial  type. 
Where  could  it  have  come  from?     Compare  Figure  40. 
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Fig.   39   (Case  7).— Cross-section   of  two   of  the   fused   epiploic   appendages. 
They  have  become  fused  and  are  invaded  by  tubules  of  endometrial  type. 


occasional  exception.  To  attempt  to  remo\e  the  jielvic  implantation 
adenomas  and  disregard  the  condition  in  the  ovaries  or  to  preserve 
ovarian  tissue  is  attended  with  the  danger  of  possibly  leaving  an 
important   focus  in  the  ovaries  for  reimplantation ;  and,   furthermore, 
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the  persistence  of  dvaiian  function  may  stimulate  tlie  i,'rn\\tli  uf 
implantations,  which  were  not  removed,  wherever  tiny  may  he 
situated  (Case  12).  My  present  reaction  in  these  cases  is  to  remove 
tile  uterus,  lx)th  tuhes  and  ovaries,  and  to  disregard  the  implantations 
(including  intestinal),  except  as  they  may  he  easily  removed  for 
histologic  study  (Cases  4,  7,  8,  10  and  111.  The  uterus  is  often  retro- 
flexed  and  adherent,  and  myomas  and  other  pathologic  conditions  are 
present,  as  shown  in  the  cases  reported  in  this  and  in  the  previous 
series.  There  are,  therefore,  often  indications  for  the  removal  of  the 
uterus,  tuhes  and  ovaries  other  than  the  implantations  and  ovarian 
hematomas.     I  have  occasionally  saved  ovarian  tissue  in  these  cases. 


Fig.  40  (Case  7).— Perforated  hcinatoma  (of  endometrial  type)  of  the  left 
ovary  with  implantation  adenoma  on  the  posterior  surface  of  the  uterus  («  and 
c)  and  the  right  ovary  (b),  fibroma  of  the  right  ovary;  submucous  leiomyoma 
of  the  uterus.  Posterior  view  of  the  uterus  and  tubes,  ovaries  turned  upward, 
showing  their  under  and  lateral  surfaces;  X  %■  On  freeing  the  adherent  left 
ovary  a  small  amount  of  "chocolate"  fluid  escaped  from  a  |)revious  perforation 
(/>).  which  was  reopened.  The  ovary,  which  is  shown  in  cross-section,  con- 
tained two  hematomas  of  endometrial  type,  one  (i")  had  not  perforated  and  the 
other  (/)  had.  Implantation  adenomas  of  endometrial  type  are  present  at 
a.  b  and  c.  The  right  ovary,  which  is  shown  in  cross-section,  contained  a 
fibroma.  The  lining  of  the  perforated  hematoma  of  the  left  ovary  is  similar  to 
the  one  shown  in  F'igure  .36.  The  left  ovarian  hematoma  of  endometrial  type 
with  evidence  of  a  previous  perforation  indicates  a  source  of  the  implantation 
adenomas. 
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Fig.  41  (Case  2). —  Implantation  adenoma  (of  endometrial  type)  of  the  sig- 
moid, uterus,  reL-tnni.  ovaries,  and  perforated  hematoma  of  endometrial  type  of 
the  left  ovary,  small  leiomyomas  of  the  uterus.  Sagittal  section  of  the  pelvis 
(X'/:;),  showing  the  condition  found  at  operation.  On  drawing  the  uterus 
upward  and  forward  the  rectum  and  lower  sigmoid  were  carried  with  it  hecause 
they  were  fused  with  the  posterior  wall  of  the  cervi.x  and  uterus.  Indentations 
of  the  sigmoid  were  situated  at  A  and  B.  The  one  situated  at  A  was  the  more 
evident  of  the  two;  the  wall  of  the  sigmoid  about  the  indentation  was  thickened, 
and  on  palpation  it  simulated  carcinoma.  On  freeing  the  left  ovary  an  ovarian 
hematoma  ( /i )  was  ruptured  (/>);  comjjare  cross-section  of  the  left  ovary  in 
the  insert.  This  proved  to  be  a  hematoma  of  endometrial  type  fully  described 
in  Case  19  of  the  previous  puldication.  The  indurated  area  A  of  the  sigmoid 
was  excised  and  a  section  of  this  area  is  shown  in  the  insert  and  in  Figure  42. 
Implantation  adenoma  was  also  found  invading  the  posterior  uterine  wall,  the 
left  broad  ligament  (Fig.  45)  and  the  surface  of  both  ovaries.  What  is  the 
source  of  these  implantations?  The  ovarian  hematoma  of  endometrial  type  of 
the  left  ovary  with  evidence  of  a  previous  perforation  could  have  furnished  the 
epithelium  from  which  these  implantations  arose,  just  as  ovarian  cancer  with 
evidence  of  a   perforation   gives   rise  to  peritoneal   implantations. 
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as  in  Cases  1  and  5  of  this  series  and  in  some  of  those  reported  in 
the  ])revious  series  and  intended  to  do  so  in  selected  cases.  Three  of 
tlie  patients  whose  cases  were  reported  in  the  previous  series  were 
not  relieved  by  the  operation  and  one  was  operated  on  again.'  I  am 
awaiting  with  great  interest  the  end-results  of  all  of  these  cases. 

We  must  not  lose  sight  of  the  fact  that  for  many  years  we  have 
been  operating  in  these  ca.ses  without  realizing  the  exact  nature  of 
the  disease.    The  results  have  been  for  the  most  part  quiu-  sati^f.-Hiory, 
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Fig.  42  (Case  2). — Section  ot  the  wall  of  the  .sigmoid  which  was  excised 
(Fig.  41  A).  It  shows  a  typical  adenoma  of  endometrial  type.  The  implanta- 
tion apparintly  hegan  on  the  peritoneal  surface,  possilily  through  an  epiploic 
appendage,  indicated  liy  the  arrow,  and  invaded  the  suliserosa  and  then  wormed 
its  way  through  the  muscularis  forming  hematomas  (H)  in  the  suhmucosa. 
The  latter  were  filled  with  retained  "menstrual"  hlood.  The  hematoma  on  the 
left  is  in  part  lined  by  typical  uterine  mucosa.  The  patient  complained  of 
dysmenorrhea  and  symptoms  of  intestinal  obstruction  at  the  menstrual  period. 
The  distention  of  the  hematomas  with  blood  at  the  menstrual  period  offers  an 
explanation  of  the  cause  of  the  intestinal  obstruction  at  that  time. 
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Fig.  43   (Case  2). — A  small  uterine  cavity  fdiind  in  a  section  of  the  wall  of 
the  sigmoid. 
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Fig.  44  (Case  2). — Endometrial  polyp  invading  a  lymph  vessel  in  the  sub- 
serosa  of  the  sigmoid.  These  polyps  are  frequently  found  in  implantation 
adenomas  of  endometrial  type. 
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because  the  growth  is  usually  of  only  histologic  interest  or  only  niiklly 
invasive,  and  often  the  projier  operative  treatment  was  used  without 
realizing  it.  I  wish  to  emphasize  what  .seems  to  me  to  be  an  important 
practical  point.  On  detecting  what  appears  to  be  a  carcinoma  of  some 
portion  of  the  intestines,  especially  of  the  sigmoid  and  rectosigmoid, 
the  surface  of  this  area  should  be  carefully  insjiected  to  see  whether 
it  presents  the  external  features  of  an  implantation  adenoma  of  this 
type  (Figs.  4,  14,  19,  27,  32  and  37)  :  other  implantations  should  be 
looked  for.  and,  most  important  of  all,  the  ovaries  should  be  care- 
fully examined  to  see  whether  a  hematoma  is  ]jresent  with  evidence 


Fig.  45  (Ca.se  2). — implantation  adenoma  (a)  on  the  surface  of  the  broad 
ligament  and  invading  a  lymph  vessel  in  the  broad  ligament.  Two  endometrial 
polyps  (f.  />)  are  shown,  the  larger  one  caine  from  the  adenoma  (h)  of  this 
illustration.  The  invasion  of  the  lymph  vessels  by  these  adenomas  suggests  that 
they  may  metastasize  through  these  channels  and  offers  one  e,\planation  for  the 
appearance  of  adenoma  in  the  groin.  Tlie  invasion  of  the  uterine  wall  was 
described  in  the  previous  article. 

of  a  previous  perforation,  bearing  in  mind  that  tiic  o\arian  licmatoma 
may  be  small  (Fig.  S2).  If  these  are  found,  the  true  diagnosis  is 
evident.  My  present  opinion  is  that  on  making  such  a  diagnosis  it  is 
preferable  not  to  resect  the  [>ortion  of  the  intestine  iuMihed  but  to 
deal  with  the  pelvic  organs  as  I  have  just  stated. 
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In    the  previous  communication,    I  '   described    small  hemorrhagic 
areas    in    the    ovaries    of    three    patients    that    had    been    operated    on 
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(hiriiit;  tlicir  iiK-iisinial  pericxl.  Histolog'iccally.  these  areas  proved  to  b.' 
due  to  lieninrrliage  about,  or  into,  a  space  lined  by  tissue  of  endometrial 
t)  pe.  1  stated  that  I  believed  that  these  glandlike  spaces  were  lined  by 
epithelium  of  endometrial  type,  as  shown  by  their  structure  and  by 
their  function  (menstruation).  I  also  stated  that  ovarian  hematomas 
of  endometrial  tvpe  might  ari^^e  from  this  misplaced  epithelium  either 
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Fig.  46  (Case  1). — Section  of  the  wall  of  the  sigmoid  showing  an  adenoma 
of  endometrial  type  invading  it.  A  portion  of  the  sigmoid  was  resected  (diag- 
nosis of  carcinotna).  The  left  ovary  was  cystic  and  adherent.  The  left  tube  and 
ovary  were  removed.  There  was  no  note  in  the  record  of  the  case  in  regard 
to  the  exact  condition  of  the  ovary  (operation  twelve  years  ago).  The  portal 
of  entry  of  the  implantation  was  apparently  on  the  surface  of  the  intestine  near 
the  place  indicated  by  the  arrow.  The  adenoma  first  invaded  the  subserosa  and 
then  wormed  its  way  through  the  muscularis  forming  a  hematoma  at  H .  The 
section  suggests  that  the  portal  of  entry  might  have  been  through  an  epiploic 
apiiendage.     Many  of  the  epithelial  cells  in  the  dilated  tuliules  were  ciliated. 


by  relining  a  follicular  hematoma  which  might  rupture  near,  or  into 
them  (the  secondary  epithelializatimi  nf  fnllicular  hematomas)  ;  or  by 
hemorrhage  (menstrual)  into  the  lumen  of  the  gland  or  space,  they 
may  develop  into  endometrial  hematumas  which  they  already  are  in 
miniature  (  Fig.  62).  I  have  been  unable  to  demonstrate  the  secondary 
epithelialization  of  follicular  hematomas.     Many  sections  which  I  have 
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seen  might  be  interpreted  a>  >uch ;  hut  all  of  these  can  he  better 
explained  by  the  regeneratiiui  of  an  endometrial  hematoma,  after 
hemorrhage  and  perforation,  from  ei)ithelium  left  behind  or  ])()ssibly 
from  cells  which  escai>ed  through  the  perforation  but  which  have  grown 
in  again.  I  have  found  every  stage  in  the  develojiment  of  ovarian 
hematomas  of  endometrial  type  from  these  glands  and  tubules  lined 
by  tissue  of  endometrial  type  which  may  react  to  the  menstrual  impulse. 
If  these  tubules  or  glands  are  situated  near  the  surface  oi  the  ovary, 
perforation  occurs  while  they  are  still  small  (Fig.  62).  a  few  milli- 
meters in  diameter  or  even  microscopic  in  size.  Epithelium  may  escape 
into  the  peritoneal  cavity  from  these  miniature  hematomas  (perforating 
hemorrhagic  cysts)   and  give  rise  to  imi>Iantations.     Repeated  henior- 
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Fig.  47  (Ca.se  9). — Implantation  adenoma  (of  endometrial  type)  on  the 
appendix  and  its  mesentery,  invading  the  former  at  ad.  Figure  48.  The  appen- 
dix, uterus  and  both  tubes  and  ovaries  were  removed  (operation  by  Dr.  Filing). 
The  dark  elevations  on  the  surface  of  the  appendix  and  its  mesentery  consist  of 
typical  endometrial  tissue  with  hemorrhage  in  its  stroma  (Fig.  49).  .Adenoma 
of  endometrial  type  was  also  found  invading  the  posterior  wall  of  the  uterus. 
What  is  the  source  of  these  implantation  adenomas  of  endometrial  type? 
Typical  hematomas  of  endometrial  type  were  present  in  lioth  ovaries  with 
evidence  of  perforation. 

rhages  into  the  lumen  of  the  smaller  cysts,  with  loss  of  the  overlying 
epithelium  and  repeated  |>erforations,  may  destroy  the  cyst.  If  the 
endometrial  tubule  is  situated  in  the  deeper  j)ortion  of  the  ovary,  then  it 
may  develop  into  a  large  hematoma  before  perforation  as  in  Figures  13, 
IS.  19  and  28.  In  the  previous  communication  I  referred  to  the  pig- 
mented "luteal"  lining  in  parts  of  some  of  the  hematomas  which  differed 
froin  that  of  a  corpus  luteum  hematoina.  At  that  time  I  believed  that 
this  "luteal"  like  lining  in  many  of  the  specimens  arose  from  hemor- 
rhage into  the  wall  of  an  endometrial  cyst,  with  subsequent  loss  of  the 
o\er-lying  epithelium  and  the  retention  of  tlie  blood  jjigment  in  the 
tissues  and  cells  of  the  cyst  wall,  and  this  is  true.  There  were  other 
instances  in  which  this  pigmented  layer  resembled  the  remains  of  a 
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i-or])us  lulciHii  and  I  was  uncertain  as  to  its  (iri<;-in  in  tliese  cases.  The 
endothelial  leukocytes,  which  often  play  an  important  role  in  the 
development  of  the  piginented  "luteal"  layer,  may  sometimes  simulate 
in  their  appearance  and  arraiis^einent  true  luteal  cells.  My  later  studies 
have  shown  me  that  the  develoiimcut  of  all  of  the  kiteal-like  layers  in 
all  the  sections  which  I  h.ave  studied  of  this  type  of  ovarian  hematoma 


Fig.  48  (Case  9). — Implantation  adenoma  (of  endometrial  type)  on  the  sur- 
face of  the  appendix  and  invading  its  wall  at  ad.  Cross-section  of  the  appendix 
and  its  mesentery  taken  through  one  of  the  hemorrhagic  elevations  shown  in 
Figure  47. 


may  be  traced  from  hemurrhai^e  into  the  ovarian  tissue  lining  the  hema- 
tomas and  its  invasion  1)\-  endothelial  leukocytes.  The  various  changes 
which  take  place  in  these  hematomas  during  their  development  (includ- 
ing their  reaction  to  menstruation  )  and  retrogression  must  be  reserved 
for  another  communication. 

How  does  the  e]iithelium  of  endometerial  type  reach  the  ovary?  Is 
it  of  miillerian  or  wolftian  duct  origin?     Cilia  are  sometimes  present  on 
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Fig.   49    (Case   9). — Photomicrograph   of   the    largt-r    implantation    adenoina 
shown   in  Figure  48.     Histologically,   it   resemhles  hypertrophicd  endometrium. 
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Fig.  50  (Case  6). — Photomicrograph  of  a  portion  of  the  wall  of  the  appendi.v 
and  its  mesentery  showing  tubules  of  endometrial  type  (a).  Some  of  the  cells 
were  ciliated.  Small  implantations  of  endometrial  type  were  also  present  in 
the  culdcsac.     Where  could  they  have  come  from?     Compare  Figure  51. 
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the  cpitlu'Iiiiin  lining-  tlu'sc  tulmlcs  in  the  mary.  likewise  on  the  cpithe- 
huin  in  the  larger  heniat(inia>  and  in  the  ini])lantati()n  adenomas.  Ciha 
iiia\  s(inietinie>  he  fdnnd  (in  ihe  ejiilhehnni  of  the  Uterine  niueosa, 
more  often  on  tliat  hniny  the  fallnpian  liihes  and  at  times  in  the 
"atlenomyomas"  arisini;  from  the  invasion  of  the  uterine  and  tuhal 
mueosa  into  the  walls  of  the  uterus  and  tube.  The  most  natund  con- 
cejMion  of  their  origin  would  he  that  they  arise  from  developmentallv 
misplaced    miilleriaii    epithelium    (Russell)    or    from    the    invasion    of 
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Fig.  51  (Case  (j).  -I'hutuniicruyrapli  through  a  small  iiiginented  area  on  the 
lateral  surface  of  the  right  ovary  showing  tubules  of  endometrial  typo  (.1;) 
similar  to  those  found  in  the  appendix  (some  of  the  cells  were  ciliated).  The 
right  ovary  was  lightly  adherent  (compare  adhesions  ad)  in  the  photo- 
micrograph. Two  small  areas  of  pigmentation  were  noticed  on  the  lateral  and 
lower  surfaces  of  the  ovary.  The  pigmentation  was  due  to  the  remains  of  a 
former  stromal  liemorrhage.  The  condition  may  he  the  remains  of  a  small 
ovarian  hematoma  of  endometrial  type,  as  in  Figure  5i.  Ke])eated  hemorrhages 
and  perforation  with  the  casting  off  of  the  epitlielium  lining  the  hematoma  may 
have  removed  the  greater  portion  of  this  epithelium  and  the  present  condition 
arose  from  the  repair  which  followed.  A  few  epithelial  cells  remained  and 
these  developed  into  tubules  or  glands  (<;).  Some  of  the  epithelium  which 
was  cast  ofT  could  have  given  rise  to  the  implantations  in  the  ai)pendi.x  and  in 
the  culdesac. 


tuhal  epithe'.ium  fn.)m  the  timhriae  in  ci>ntaet  with  the  o\ary.  Ttibules 
are  sometimes  present  in  the  hilum  of  the  ovary  which  are  a|)parently 
of  wolffian  duct  origin  and  these  might  he  considered  as  a  source  of 
these  hematomas. 

The  data  which  I  have  been  ahle  to  ohtain  suggest  that  tuhal  and 
Uterine  e])ithelial  cells  may.  under  certain  circumstances  (as  an 
abnormal    menstruation    with    a    hacktlow),    he    expelled    from    the 
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fimbriated  end  of  the  tube  and  lodge  on  the  surface  of  the  ovary.  They 
may  become  embedded  in  the  tissues  of  the  ovary  and.  true  to  their 
type,  form  g-lands  and  tubules  which  may  actually  inxailc  the  ovary. 
The  process  is  analogous  to  that  which  results  from  tiie  implantation 
of  epithelial  cells  on  the  peritoneum  from  the  perforation  of  ovarian 
hematomas  of  endometrial  type,  as  described  in  the  previous  and  also 
in  this  communication.  Some  of  these  glands  and  tubules  which  have 
invaded  the  ovary  react  to  menstruation  and  develop  into  hematomas 
of  endometrial  type  (Fig.  62).  If  they  are  situated  near  the  surface  of 
the    ovary,    jierforation   occurs   early    ( while   the    hematoma    is   small. 


Fig.  5-'  .  .  ...  ,.   .  , ,,    . ; ...   ,   ,.,1  apli  of  a  small  per- 

foratcfi  hematoma  of  endometrial  type  of  the  ovary.  This  hematoma  was  aliout 
1.5  mm.  in  diameter.  It  is  lined  by  epithelium  of  endometrial  type  some  of 
which  is  ciliated;  underlying  stromal  hemorrhage  (menstrual)  is  present.  Some 
of  the  epithelium  has  been  cast  off  by  this  hemorrhage  rupturing  into  the  lumen 
of  the  hematoma.  A  |)erforation  of  the  hematoma  is  present  and  implantation 
adenomas  were  also  found  in  the  culdesac.  invading  the  posterior  wall  of  tlie 
uterus.  Repeated  hemorrhages  and  resulting  loss  of  the  epithelial  lining  of 
the  hematoma  followed  by  repair  might  give  rise  to  the  condition  shown  in 
Figure  51.  If  all  of  the  epithelium  was  destroyed,  it  might  in  time  be  impossible 
to  find  any  trace  of  the  hematoma  in  the  ovary  and  I  believe  that  this  soine- 
times  occurs. 


Fig.  52)  and  some  of  the  epitheliinii  lining  the  luinainnia.  wliich  has 
been  expelled  into  the  cavity  of  the  latter  by  the  sube])ithelial  hemor- 
rhage of  menstruation,  may  be  carried  with  the  hemorrhagic  contents 
of  the  hematoma  through  the  })erforation  into  the  peritoneal  cavity. 
Implantation  adenoma  of  endometrial  type  may  arise  from  the  con- 
tents of  such  a  hematoma  as  well  as  from  the  larger  ones ;  but  they 
are  a])parently  not  so  widely  distributed.  If  the  hematoma  develops 
from  a  tubule  which  has  penetrated  the  deeper  tissues  of  the  ovary, 
it  may  reach  a  larger  size  before  perforation  occurs  and  a  larger 
amoutit  of  menstrual  blond,  including  e])ithelium,  may  esca];e  into  the 
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pelvis  than  from  a  smaller  hematoma.  Implantation  adenoma  from  a 
perforated  ovarian  hematoma  may  arise  on  any  of  the  pelvic  structures, 
including  the  surface  of  the  ovary  from  which  the  perforation  has 
occurred,  and  also  on  the  opposite  ovary  and  develop  into  other  ovarian 
hematomas.  I  consider  the  ovary  as  a  sort  of  intermediar\-  host,  hotljed 
or  incubator.  A  \er\'  interesting  phenomenon  is  evident  in  many  of 
these  cases,  that  is,  the  epithelium  expelled  from  these  hematomas 
often  displays  a  greater  degree  of  vigor  and  invasiveness  than  similar 
epithelium  manifests  in  the  ovaries  with  hematomas  which  have  not 
perforated.  I  also  belie\e  that  it  is  possible  that  tubal  and  uterine 
epitheliimi  escaping  from  the  tube  may  become  deposited  on  the  sur- 
face of  other  pelvic  structiu'cs  than  the  ovary  and  may  give 
rise    to    implantation    adenomas    similar    to    those    from    a    perforated 


Fig.  53  (Case  3). — Implantation  adenoma  (of  endometrial  type)  of  the  ileum. 
About  4  inches  (10  cm.)  from  the  cecum  a  loop  of  the  ileum  was  found  to  be 
thickened  and  the  adjacent  walls  of  the  intestine  were  fused  together.  This 
portion  of  the  ileum  was  resected  and  an  end-to-end  anastomosis  was  per- 
formed (operation  by  Dr.  Sadlier).  Figure  A  represents  the  appearance  of 
the  loop.  Figure  B  shows  the  appearance  of  one  half  nf  tlie  li">p  after  cutting 
across  the  intestine  and  separating  the  adherent  walls.  The  adenoma  liad 
developed  on  the  surface  of  the  intestine  and  had  invaded  the  adjacent  walls 
which  in  places  were  greatly  hypertrophied.  thus  narrowing  the  lumen  of  the 
intestine,  also  shown  in  Figure  54,  a  section  from  another  portion.  The  eleva- 
tion at  II  is  a  growth   (implantation),  histologically  similar  to  a  uterine  polyp. 


(i\'arian  luniatonia.  In  the  cases  which  I  have  inter])rete(l  as  possibl}" 
arising  in  this  manner,  the  implantations  have  not  shown  the  same 
degree  of  vigor  and  invasiveness  as  those  usually  fnuiid  when  rui 
ovarian  hematoma  with  evidence  of  a  previous  [)ert oration  is  in'e^ent. 
and  histologically  they  may  differ  in  minor  ways.  It  is  for  these  reasons 
that  T  look  upon  the  ovary  as  an  intermediarv  host,  a  hotlied  or  incu- 
bator. In  the  cases  above  referred  to,  the  implantations  mav  ha\e  come 
from  a  small  ovarian  hematoma  which  has  disappeared. 
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This  theory  as  to  the  origin  of  tliese  ovarian  hematomas  and  also 
their  relation  to  endometrial  imijhmtations  is  ha.sed  on  tlic  following 
data.  The  ovarian  hematomas  are  of  endometrial  type  as  sliown  hy 
their  structure,  function  (reaction  to  menstruation)  and  their  endo- 
metrial im])lantations.  They  are  rarely  found  in  women  under  30 
years  of  age.  If  of  developmental  origin,  we  would  expect  to  find  thein 
in  younger  women.  They  dexclo])  during  the  menstrual  life  of  the 
patient  in  a  period  when  tubal  and  uterine  epithelium  might  escape 
from    the   fimbriated   end   of   the   tul)e    and    lieconie    deiiosilcd    on   the 
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Fig.  54  (Case  3). — Adenoma  (of  eiidoniclrial  type)  invading  tlie  ileum.  Crois- 
section  of  the  intestine  showing  the  adenoma  invading  its  wall  and  the  marked 
thickening  of  the  circular  muscle.  What  is  the  source  of  the  adenoma?  Com- 
pare Figure  57. 

surface  of  the  ovary  just  as  ijeritoneal  implantations  arise  from  the 
perforation  of  ovarian  hematomas.  In  forty-nine  cases  of  perforated 
ovarian  hematomas  which  I  have  studied,  the  tubes  were  apparently 
patent  in  all,  suggesting  that  this  avenue  for  this  source  of  implanta- 
tion was  open.  These  hematomas  usually  develop  on  the  lateral  and 
the  under  surfaces  of  the  ovary,  the  portions  of  the  ovary  most  likely 
to  be  soiled  by  material  escaping  from  the  lumen  of  the  tube,  as  well 
seen  in  the  ovarian  adhesions  found  in  pelvic  inflammatory  disease  of 
gonorrheal  origin,  and  they  are  also  often  bilateral. 
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In  thirty-seven  cases  of  ovarian  hematomas  of  endometrial 
type  witli  perforation,  in  which  1  ha\c  studied  microscopically 
the  tissues  involved  in  the  adhesion  ap])arently  resulting  from 
escape  of  the  contents  of  the  cyst,  adenoma  of  endometrial  type 
was  found  in  all  hut  one  specimen.  (  )n  the  other  hand,  in  three  cases 
of  tvpical  ovarian  iiematomas  of  endometrial  tyjie  without  any  evi- 
dence of  ])erforation,  adhesions  were  not  present  in  the  pelvis  and  there 
was  not  any  gross  evidence  of  implantation  adenomas ;  the  pelvis  was 
examined  very  carefully  in  each  instance.  In  the  cases  of  perforated 
ovarian  hematoma  with  implantation,  the  extent  of  the  implantation 
usually  varied  with  the  size  of  the  hematoma  and  apparent  size  of 
the  perforation.  Tiie  larger  the  hematoma  and  the  greater  the  size 
of  the  perforation  the  more  extensive  the  distriljution  of  the 
implantations. 


Fiy.  5?  (l'a>c  ,!>--  -A(k-iiiinia  (nt  ciidi mu-tnal  \\\>i:  )  invaclmt;  llif  wall  of  the 
intestine.  Photomicrograph  showing  the  adenoma  pouring  into  the  nniscnlar 
coats  of  the  intestine. 


Mav  implantation  adenoma  occur  from  other  .sources  than  a  per- 
forated ovarian  hematoma  of  endoinetrial  type?  I  belie\e  that  this 
is  possible,  although  it  is  difficult  to  exclude  the  ovarian  source  in  any 
case.  The  oxarian  hematomas  may  he  very  small  and  easily  missed 
(Fig.  ?1).  or  as  the  result  of  repeated  hemorrhage  and  loss  of  epithe- 
lium, they  may  become  inconspicuoits  (Fig.  51)  or  even  disappear.  I 
believe  that  tubal  and  uterine  epithelium  escaping  from  the  tube  into 
the  peritoneal  cavity  might,  under  proper  conditions,  give  rise  to 
im]jlantation  adenomas  in  the  culdesac  or  wherever  the  epithelium 
may  lodge,  just  as  I  believe  tlie  ovarian  heinatomas  arise  from  this 
source.      During    the   la.st    year    and    a    half    I    have   operated    on    si.x 
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patients  for  iitfrine  mvomas  in  whom  small  i)criioiU'al  implantations 
of  endometrial  tyjje  were  found  in  the  citldesac  without  gross  evidence 
of  a  perforated  hematoma  in  the  ovaries.  One  or  both  ovaries  were 
removed  in  each  instance.  In  the  ovaries  of  three  of  the  six  patients, 
tubules  of  endometrial  type  were  found,  which  1  interpreted  as  the 
possible  remains  of  a  small  ovarian  hematoma  which  had  jierforatcd, 
or  they  were  tubules  which  had  not  developed  into  hematomas.  In  a 
fourth  specimen,  an  area  containing  pigmented  cells  was  found  in 
the  ovary,  which  suggested  the  remains  of  a  small  ovarian  hematoma. 
In  the  other  two  ca.'Jes.  tubules  of  endometrial  type  were  not  found 
in   the  ovary  and  there  was  not   any   evidence  of  a   [n-cvious   stromal 
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Fig.  56  (Case  3). — .Adenoma  (<it  rnil<i-.intrial  t>i'i  ;  i:.  .:;).„  i!.c  appendix. 
Photomicrograph  of  the  appendix  and  its  mesentery  showing  the  adenoma  (ad) 
invading  the  appendix  at  its  mesenteric  attachment.  Cross-sections  of  small 
tubules  of  endometrial  type  are  shown  at  a  and  a.  (From  a  section  lent  by  Dr. 
H.  P.  Carpenter).    What  is  the  source  of  the  adenoma?     Compare  Figure  57. 


hemorrhage.  These  may  ha\e  been  missed,  as  serial  sections  of  the 
ovaries  were  not  made.  In  the  other  thirty-eight  instances  of  pelvic 
adenoma  of  endometrial  type,  an  ovarian  hematoina  or  hematomas 
of  endometrial  type  were  present,  with  evidence  of  previous  perfora- 
tion which  could  account  for  the  adhesion  and  implantations.  It  is 
interesting  to  note  the  difference  in  the  character  of  the  implantations 
where  there  was  no  gross  evidence  of  an  ovarian  hematoma  with 
jK-rforation.     They  were  usually  small  and  inconspicuous  as  com])ared 
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witli  those  Usually  found  in  the  pelvis  associated  with  o\ariau  hema- 
tomas with  e\idence  of  perforation,  and  histologically  they  usually 
differed  from  them  in  minor  ways.  I  also  believe  that  implantations 
from  both  sources  may  be  present  in   >onie  cases. 

The  epithelium  lining  these  tubules  in  the  ovary  is  often  ciliated, 
in  some  instances  resembling  that  of  the  fallopian  tube,  and  in  others 
that  of  the  uterine  mucosa.  In  one  instance,  the  epithelium  in  places 
resembled  the  mucosa  of  the  uterine  cervix.  These  tubules  might  also 
develop  into  ovarian  cysts  and  carcinoma.  The  carcinoma  shown  in 
Figures  1  and  2  may  have  arisen  from  this  source.  Some  of  the 
epitheliimi  of  the  glands  in  this  carcinoma  resembled  very  closely 
uterine  epithelium  even  to  the  presence  of  cilia. 

The  epithelium  lining  some  ovarian  cysts  very  closely  resembles 
that  of  the  mucosa  of  the  uterine  cervi.x  and  some  of  these  cysts 
may  arise  from  the  tubules  of  endometrial  type  of  the  ovary.  Refer- 
ences to  the  literature  on  ovarian  hematomas  and  ectopic  growths 
of  endometrial  tissue  in  the  pelvis  may  be  found  in  the  previous  com- 
munication. 

REPORT     l)F     C.\SES 

C.\SE  1. — Adenoma  (of  cndomclrial  type)  of  the  sii/inoid.  adiierent  cystic 
left  ovary  (wliether  or  not  containing  a  hematoma  of  endometrial  tyfe  teas  not 
determined).  Mrs.  G.  N.  G.,  aged  36,  complained  of  pain  in  the  left  lower 
abdomen  and  a  sense  of  lack  of  support.  She  had  had  two  children,  the 
youngest,  9  years  old.  Menstruation  was  regular,  moderate  in  amount  and 
accompanied  with  pain  (the  duration  of  the  dysmenorrhea  was  not  noted  in 
the  case  record).  The  patient  was  not  constipated.  Pelvic  examination  dis- 
closed a  weakened  pelvic  floor  with  cystocele  and  rectocele.  The  uterus  was 
in  normal  position  with  what  felt  like  an  inflammatory  mass  occupying  the 
position  of  the  left  tube  and  ovary.  The  preoperative  diagnosis  was  a  weak- 
ened pelvic  floor  and  pelvic  inflammatory  disease  of  the  left  side. 

At  operation  at  the  Albany  Hospital,  Feb.  10,  1909,  the  left  ovary  was  found 
to  be  cystic  and  densely  adherent.  The  right  tube  and  ovary  appeared  to  lie 
normal.  The  left  tube  and  ovary  were  removed.  There  is  no  note  in  the 
case  records  as  to  whether  or  not  the  cyst  was  torn  and  whether  any  "chocolate" 
fluid  escaped  into  the  pelvis.  An  indurated  area  was  noticed  in  the  wall  of 
the  sigmoid  just  below  the  pelvic  brim.  This  was  thought  to  be  a  carcinoma 
of  the  sigmoid,  and  about  8  cm.  of  the  intestine  was  resected  and  repaired  by 
an  end-to-end  anastomosis.  A  section  of  the  intestine  showed  a  typical  adenoma 
of  endometrial  type,  apparently  invading  the  sigmoid  from  its  peritoneal  surface 
(Fig.  46).  The  cystic  ovary  was  not  examined  histologically  and  I  do  not  know 
whether  or  not  a  hematoma  of  endometrial  type  was  present.  The  patient 
developed  a  postoperative  phleliitis  of  the  left  leg,  followed  by  symptoms  of  a 
pulmonary  embolus.     She  eventually  recovered  and  has  remained  well. 

C.\SE  2  (Case  19  of  previous  series). — I mplantation  adenoma  {of  endometrial 
type)  of  the  sigmoid,  posterior  wall  of  the  uterus,  anterior  wall  of  the  rectum, 
and  both  broad  ligaments:  hematoma  (of  endometrial  type)  of  both  ovaries 
U'ith  evidence  of  previous  perforations.  Mrs.  J.  W.,  aged  45,  complained  of 
I7iarked   constipation    with    attacks    of    partial    intestinal    obstruction,    beginning 
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two  years  before  the  operation  and  gradually  increasing  in  severity.  She  had 
two  children,  the  youngest  being  6  years  old.  Menstruation  was  regular, 
moderate  and  without  pain  until  the  last  two  years.  During  this  time,  pain 
had  lieen  present,  increasing  in  severity,  and  the  flow  had  been  decreasing  in 
amount.  Tlie  patient  was  operated  on  the  last  day  of  the  flow.  It  is  of 
great  interest  to  note  that  the  attacks  of  the  most  marked  constipation  occurred 
with  the  menstrual  period.  These  had  been  especially  bad  during  the  last  year. 
The  pain  was  so  severe  that  the  patient  had  to  remain  in  bed ;  the  abdomen 
became  distended,  and  sometimes  there  was  nausea  and  vomiting.  Bowel 
movements    were    obtained    witli    the   greatest    difficulty.      \o    blood    was    ever 
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Fig.  57  (Case  3). — The  probable  source  of  the  implantation  adenoma  found 
in  Figures  53  to  56.  View  of  pelvic  contents  showing  a  common  normal  relation 
between  the  right  ovary  and  the  terminal  portion  of  the  ileum  and  the  appendix. 
A  typical  hematoma  (of  endometrial  type),  about  2  cm.  in  diameter,  was  found 
in  the  right  ovary.  The  uterus  is  represented  as  drawn  forward  with  myomas 
removed.  The  contents  escaping  from  the  perforation  of  the  ovarian  hematoma 
might  easily  fall  on  the  appendix  and  terminal  portion  of  the  ileum  in  the 
culdesac  and  give  rise  to  the  implantation  adenomas  found  in  this  case. 
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observed  in  the  evacuations.  The  alxlomcn  remained  tender  lor  about  a  week 
after  the  cessation  of  the  flow.  Pelvic  examination  demonstrated  the  uterus 
to  be  irregular,  adherent  and  retroverted.  The  appendages  were  not  palpated. 
No  localized  induration  was  detected  in  the  culdesac.  Roentgenograms  were 
made  following  a  barium  enema,  but  no  definite  point  of  obstruction  was 
found.  The  ])reoperative  diagnosis  was  an  adherent  myomatous  uterus  with 
possibly  a  malignant  growth  of  the  sigmoid.  The  true  condition  was  not 
considered. 

At  operation  at  the  Albany  Hospital,  Feb.  17,  1921,  the  uterus,  containing 
small  leiomyomas,  was  retroverted  and  adherent  to  the  rectum.  A  small 
amount  of  "old  blood"  was  free  in  the  pelvis.  Both  ovaries  were  cystic, 
enlarged,  and  adherent  to  the  posterior  surface  of  the  uterus.  On  freeing  the 
ovaries,  "chocolate"  fluid  escaped.  There  were  two  definite,  puckered  areas 
in  the  sigmoid.  One  area  was  situated  just  above  the  apparent  rectosigmoidal 
junction  and  the  other  8  or  10  cm.  above  this  one.  The  upper  area  was  not 
involved  in,  or  continuous  with,  the  adhesions  uniting  the  uterus  to  the  sigmoid 
or  those  between  the  ovaries  and  the  uterus  (Fig.  41).  On  palpating  each 
of  these  puckered  areas,  a  definite  nodule  could  be  distinctly  felt,  apparently 
projecting  into  the  lumen  of  the  sigmoid.  Tlie  upper  one  was  the  larger.  The 
correct  diagnosis  was  now  apparent.  The  appendix  was  first  removed,  then 
both  tulies  and  ovaries  and  the  entire  uterus.  The  separation  of  the  uterus 
from  the  rectum  was  extremely  difficult  for  apparently  the  growth  had  invaded 
it  and  also  the  broad  ligament  on  both  sides.  The  upper  and  larger  nodule 
in  the  sigmoid  was  excised  and  an  end-to-end  suture  of  the  intestine  was 
made.  Histologically,  the  larger  cyst  of  the  left  ovary  was  lined  by  a  single 
layer  of  epithelium,  the  cuboidal  type  predominating,  with  evidence  of  recent 
hemorrhage  into  the  underlying  stroma.  Adenoma  of  endometrial  type  was 
found  lining  the  smaller  cyst  or  pocket  and  it  was  also  found  on  the  surface 
of  the  ovary  between  it  and  the  uterus.  The  larger  cyst  of  the  right  ovary 
was  a  graafian  follicle  cyst:  but  the  smaller  hemorrhagic  cyst  or  pocket  was 
lined  by  an  adenoma  of  normal  endometrial  type;  there  was  adenoma  of 
endometrial  type  on  the  surface  of  the  uterus,  superficially  invading  its  poste- 
rior wall.  A  similar  adenoma  invaded  the  wall  of  the  sigmoid  from  its  peri- 
toneal surface  and  extended  through  the  entire  wall  into  the  submucosa 
(Fig.  42).  The  patient  made  a  satisfactory  convalescence  and  has  remained 
well.  The  end-result  is  awaited  with  great  interest  to  determine  the  fate  of 
the  adenoma  undoubtedly  still   present   in  the  sigmoid  and  in  the  culdesac. 

Case  3  (Dr.  Sadlier's  case). — hiiphiiitution  adenoma  (<>/  endometrial  type) 
of  the  ileum  and  appendix,  hematoma  (of  endometrial  type)  of  the  right  ovary, 
multiple  leiomyomas  of  the  uterus.  In  .^pril,  1921,  Dr.  Lawrence  Early  showed 
me  a  section  from  the  small  intestine,  uf  which  lie  had  made  a  diagnosis  of 
adenomyoma.  The  section  had  been  sent  to  the  state  laboratory  by  Dr.  H.  P. 
Carpenter  of  Poughkeepsie.  I  asked  Dr.  Early  to  write  to  Dr.  Carpenter  and 
to  ascertain  whether  one  or  both  ovaries  had  been  removed  and  if  so  whether 
or  not  they  contained  any  hematomas.  Dr.  Carpenter  sent  a  tube  and  ovary 
and  a  portion  of  the  small  intestine  to  Dr.  Early.  The  ovary  which  had  been 
sectioned  contained  a  typical  hematoma  of  endotnetrial  type,  about  2  cm. 
in  diameter.  Dr.  Carpenter  referred  me  to  Dr.  J.  E.  Sadlier,  who  had  operated 
on  the  patient,  and  it  is  through  his  courtesy  that  I  am  reportin.g  this  very 
interesting  case.  Dr.  Carpenter  kindly  lent  me  the  sections  he  had  made 
from  the  specimen  and  with  the  help  of  these  and  the  rest  of  the  speciinens, 
which  he  sent  to  Dr.  Early,  I  was  able  to  reconstruct  the  portion  of  the 
intestine  as  it  probably  appeared  when  first  removed. 
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Fig.  58  (Case  12). — Im|>'.antation  a<lenoira  (nl  ciiiKmutrial  tyj.c)  invading 
the  posterior  uterine  wall,  the  ileum  which  was  adherent  to  the  latter  and  also 
the  uterosacral  ligaments.  Condition  found  at  the  operation  after  freeing  the 
sigmoid  and  the  ileum  which  were  adherent  to  tlie  uterus  (natural  size).  The 
left  tulic  and  ovary  had  lieen  removed  four  years  before.  The  ovary  contained 
a  hemorrhagic  cyst  (see  report  of  the  case).  The  sigmoid  was  adherent  to  the 
rough  area  of  the  uterus  marked  s.  .Adenoma  of  endometrial  type  was 
found  invading  the  uterus  in  this  area.  The  ileum  was  so  densely  adherent  to 
the  surface  of  the  uterus  marked  i  that  in  freeing  it  a  portion  of  the  wall  of  the 
former  was  left  attached  to  the  uterus  (Figs.  59  and  60).  .\denoma  was  found 
in  the  greatly  thickened  uterosacral  ligaments  (Fig.  61).  What  is  the  origin 
of  these  implantation  adenomas?  The  perforated  hemorrhagic  cyst  of  the  ovary 
removed  four  years  ago  may  have  lieen  of  endometrial  type  and  the  condition 
found  at  the  present  operation  may  have  been  present  at  the  first  (not  so  far 
advanced)  or  the  implantations  may  have  occurred  in  freeing  the  cyst  at  the 
first  operation. 
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Mrs.  E.  C,  aged  42,  complained  of  profuse  menstruation  of  about  two  years' 
duration.  She  had  been  married  fourteen  years  but  had  never  been  pregnant. 
Menstruation  had  been  regular  and  painful.  The  pain  had  increased  in 
severity  lately  and  the  flow  had  been  more  profuse.  She  did  not  have  any 
pain  between  the  menstrual  periods ;  and  although  constipated  she  did  not 
give  a  history  of  symptoms  suggesting  intestinal  obstruction. 

March  25,  1921,  Dr.  Sadlier  removed  multiple  myomas,  the  right  tulie  and 
ovary  and  the  appendix.  He  then  noticed,  about  4  inches  (10  cm.)  from 
the  cecuin,  a  fusion  of  the  adjacent  walls  of  a  loop  of  the  ileum  which  felt 
hard  and  indurated  and  naturally  led  to  the  diagnosis  of  malignancy.  He 
resected  this  loop  of  the  intestine  and  reunited  the  ends  by  a  Murphy  button. 
The  portion  of  the  small  intestine  removed  showed  that  an  implantation 
adenoma  of  endometrial  type  had  developed  on  the  surface  of  the  intestine, 
fusing  and  invading  the  adjacent  walls  of  the  loop  (Figs.  S3,  54  and  55).  A 
similar  adenoma  invaded  the  appendix  at  its  junction  with  its  mesentery 
(Fig.  56).  There  was  a  similar  lesion  in  the  right  ovary  and  a  hematoma  of 
endometrial  type,  as  already  mentioned.  Figure  57  shows  a  common  normal 
relation  between  the  right  ovary,  the  terminal  loop  of  the  ileutn  and  the 
appendi.x.  The  contents  escaping  from  a  perforation  of  a  hematoma  of  the 
right  ovary  might  easily  soil  the  appendix  and  terminal  loop  of  the  ileum  and 
give  rise  to  the  implantation  adenomas  above  described. 

C.\SE  4. — Implantalion  adenoma  (of  endometrial  type)  of  the  siy»ioid,  poste- 
rior ivall  of  the  uterus,  both  broad  ligaments,  tubes,  left  ovary;  large  hematoma 
{of  endometrial  type)  of  the  right  ovary  with  evidence  of  a  previous  perfora- 
tion. Mrs.  W.  A.  F.,  aged  28,  complained  of  severe  pain  at  the  menstrual 
periods.  She  had  one  child,  6  years  old,  and  she  had  had  a  miscarriage  three 
years  previously.  Menstruation  had  been  regular  and  free  from  pain  until 
the  last  year.  Since  then  she  had  had  pain,  worse  on  the  right  side,  grad- 
ually increasing  in  severity.  The  last  few  months  the  pain  was  so  severe  that 
she  was  confined  to  her  bed  for  two  or  three  days.  Constipation  was  increased 
during  the  menstrual  period  and  bowel  movements  were  associated  with  great 
pain  at  that  time.  The  patient  was  operated  on  two  weeks  after  the  last 
menstrual  flow.  Pelvic  examination  demonstrated  the  uterus  to  be  of  normal 
size,  pushed  forward  and  to  the  left  by  a  cystic  tuinor  which  filled  the  pelvis 
and  seemed  to  be  adherent.  On  rectal  examination  a  definite  localized  area 
of  induration  could  be  felt  in  the  anterior  wall  of  the  rectum.  The  rectal 
mucosa  was  freely  movable  over  it.  The  preoperative  diagnosis  was  per- 
forating hemorrhagic  cyst  of  the  ovary  with  implantations  in  the  culdesac. 

At  operation  at  the  Albany  Hospital,  May  5,  1921,  there  was  found  a  cyst 
of  the  right  ovary,  about  8  cm.  in  diameter,  which  filled  the  pelvis,  pushing 
the  uterus  forward  and  to  the  left  (Fig.  3).  This  cyst  was  densely  adherent 
to  the  bottom  of  the  pelvis  and  when  it  was  freed  a  large  amount  of  "chocolate" 
fluid  escaped.  Implantation  adenomas  of  endometrial  type  were  found  involv- 
ing the  wall  of  the  sigmoid,  its  epiploic  appendages  and  mesentery,  also  the 
posterior  wall  of  the  uterus,  broad  ligaments  and  tubes  (Figs.  4  to  13).  The 
appendix,  both  ovaries,  tubes  and  the  entire  uterus  were   removed. 

The  cyst  of  the  right  ovary  was  bilocular,  with  a  larger  loculus  communi- 
cating with  a  smaller  one.  It  was  lined  by  cuboidal  to  columnar  epithelium 
of  endometrial  type,  with  an  underlying  stromal  hemorrhage.  An  occasional 
gland  was  found  in  the  stroma.  The  epithelium  lining  the  cyst  was  similar  to 
that  found  in  the  implantations  (Figs.  11  and  12)  and  in  places  the  epithelium  had 
apparently  been  removed  by  the  blood  beneatli  it  rupt\iring  into  the  cavity  of  the 
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cyst.  There  was  evidence  of  a  previous  perforation,  through  which  blood  con- 
taining the  epithelium  above  mentioned  might  escape  into  the  peritoneal 
cavity;  and  wherever  it  would  lodge,  this  epithelium  might  grow  and  give  rise 
to  the  deposits  of  endometrial  tissue  found  in  the  ;)elvis  of  this  patient.  I 
believe  that  this  occurred. 

The  patient  made  a  satisfactory  convalescence.  I  examined  her  last  in 
July,  1921.  The  area  of  induration  was  still  present  in  the  anterior  wall  of 
the  rectum  but  was  apparently  smaller. 

Case  S. — Imfilantalion  adenoma  (of  ciidoiiiclrial  lypc)  in  Ihc  culdcsac,  fus- 
iiiy  the  anterior  -wall  of  the  rectum  'Lcitli  the  posterior  wall  of  the  cen'ix,  large 


Fig.  59  (Case  12). — Sagittal  section  of  the  uterus  taken  a  little  to  the  right 
of  the  median  line  indicating  its  relation  to  the  ileum  prior  to  the  last  operation  ; 
X  %■  My  interpretation  of  the  etiology  of  this  condition  is  as  follows,  .^t 
the  previous  operation,  four  years  ago,  some  of  the  epithelium  lining  the  hemor- 
rhagic cyst  of  the  left  ovary  became  implanted  on  the  posterior  surface  of  the 
uterus  and  other  portions  of  the  pelvic  contents  and  developed  into  implantation 
adenomas  of  endometrial  type.  The  ileum  became  adherent  to  the  implantation 
on  the  posterior  surface  of  the  uterus  and  was  superficially  invaded  by  it  (Fig. 
60).  The  uterine  wall  was  invaded  to  a  much  greater  extent  as  indicated  in 
this  illustration  and  the  next.  I  believe  the  preservation  of  the  right  ovary  was 
responsible  for  the  development  of  the  adenoma  from  the  implanted  epithelium. 


hematoma  (of  endometrial  type)  of  the  left  oi'ary  ivith  evidence  of  a  previous 
perforation.  Miss  E.  C.  aged  39,  complained  of  profuse  menstruation  asso- 
ciated with  pain.  Menstruation  had  been  regular,  normal  and  free  from  pain 
until  about  six  months  previously.  Since  then  it  had  gradually  increased  in 
amount  and  was  accompanied  with  pain.  The  last  menstrual  period  occurred 
a  week  before  the  operation.  The  patient  was  constipated  but  this  was  not 
any  worse  during  menstruation.     Pelvic   examination   demonstrated   the   uterus 
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to  lie  irrfgiilarl>  tMilargoil,  lilliiiy  tlvj  pelvi.s  and  extoiuliii}>  upward  almost  to 
the  Ifvcl  of  tile  uiiibilicus.  Tlio  preoperative  diagnosis  was  a  multinodular 
myomatous  uterus.  The  ovarian  hematoma  was  mistaken  for  a  sul)serous 
myoma,  and   the   adenoma  in   the  culdcsac   was  not  detected. 

.'^t  operation  at  the  Albany  Hospital,  May  7,  1921,  the  uterus  was  found 
to  contain  several  leiomyomas.  The  right  ovary  was  normal  in  appearance 
wliile  the  left  was  replaced  by  a  cystic  tumor  about  6  cm.  in  diameter,  densely 
adherent  to  the  left  half  of  the  lower  portion  of  the  pelvis.  The  bottom  of 
the  culdesac  was  obliterated  by  the  fusion  of  the  anterior  wall  of  the  rectum 
to  the  posterior  wall  of  the  cervi.x.  and  on  drawing  the  uterus  upward,  the 
rectum  was  carried  with  it  in  a  characteristic  manner  (Fig.  14).  The  portion 
of  the  anterior  wall  of  the  rectum  which  was  attached  to  the  cervix  was 
indurated  and  pigmented  blebs  were  present  on  its  free  surface  alrout  the  line 
of  fusion  with  the  cervix  (Fig.  14).  When  the  ovarian  hematoma  was  freed, 
its  wall  was  torn  and  a  large  amount  of  "chocolate"  fluid  escaped.  A  small 
amount  of  similar  fluid  escaped  when  the  rectum  was  freed  from  the  cervix. 
The  appendix,  left  tube  and  ovary  and  entire  uterus  were  removed.  The  right 
tube  and  ovary  were  not  removed,  against  my  better  judgment,  liecause  the 
patient  was  most  insistent  that  ovarian  tissue  should  be  preserved.  Histo- 
logically, the  posterior  wall  of  the  cervix  showed  a  characteristic  adenoma 
of  endometrial  type.  The  ovarian  hematoma  was  for  the  most  part  lined  by 
a  pigmented  layer,  the  result  of  previous  hemorrhage  without  an  epithelial 
covering.  Epithelium  of  endometrial  type  was  found  in  depressions  of  this 
pigmented  layer  near  the  hilum  of  the  ovary  and  also  structures  resembling 
uterine  glands  (Figs.  16  and  17).  The  patient  made  a  satisfactory  conva- 
lescence and  has  remained  well.  I  am  awaiting  with  interest  the  ultimate  out- 
come, as  adenoma  of  endometrial  type  was  left  in  the  anterior  wall  of  the 
rectum   and   the   remaining   ovary   may   stimulate    it   to   further   growth. 

C.\SF-  6. — Iinphiiilnliini  adcihniKi  (of  cndoiiirlrial  'y/'i')  in  the  culdcsac,  in 
the  -Mill  of  the  nfpcndix  and  in  its  mesentery:  tiihttles  (of  endometrial  type)  in 
tlie  rifiht  ovary  -with  cfidence  of  a  prez-ious  hemorrhaiie  in  the  surrounding 
o-earian  stroma,  multiple  leiomyomas  of  the  uterus,  cholelithiasis.  Mrs.  P.  K., 
aged  42,  complained  of  profuse  menstruation  and  severe  indigestion.  She  had 
been  married  twelve  years  but  had  never  been  pregnant.  Menstruation  was 
regular,  free  from  pain  and  had  been  very  profuse  for  the  last  four  or  five 
months.  The  last  menstrual  flow  occurred  three  weeks  before  the  operation. 
On  aljdominal  palpation  the  right  side  of  the  abdomen  was  distinctly  tender. 
the  tenderness  extending  well  up  toward  the  costal  margin.  Pelvic  examina- 
tion revealed  a  nodular  pelvic  tumor,  apparently  arising  from  the  uterus  and 
extending  about  half  way  to  the  umliilicus.  The  preoperative  diagnosis  was 
a    multinodular    myomatous    uterus    and    chronic    appendicitis    or    cholecystitis. 

At  operation  at  the  Albany  Hospital,  May  24,  1921,  the  uterus  was  found 
to  be  irregularly  enlarged  by  several  leiomyomas.  The  gallbladder  was 
palpated  and  found  to  contain  gallstones.  The  appendix,  which  was  slightly 
adherent,  was  first  removed.  The  right  ovary  was  also  lightly  adherent  to  the 
side  of  the  pelvis.  Both  tubes  and  ovaries  and  the  entire  uterus  were  removed. 
A  small  area  of  induration  with  pigmented  spots  was  noticed  in  the  culdesac. 
This  was  excised  and  found  to  be  an  adenoma  of  endometrial  type.  The  gall- 
bladder was  also  removed.  Two  small  pigmented  areas  were  noticed  on  the 
lateral  and  free  surface  of  the  right  ovary.  Histologically,  the  pigmentation 
was  found  to  be  due  to  cells  containing  old  blood  pigment,  the  evidence  of 
previous    hemorrhage    into    the    tissues    of    the    ovary.      In    this    area    glandlike 
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structures  were  found,  some  of  which  were  dilated  (Fig.  51).  Some  of  the 
cells  lining  these  spaces  were  ciliated.  These  areas  might  he  interpreted  as 
the  remains  of  a  small  ovarian  hematoma  of  endometrial  typo  which  liad  per- 
forated, and  most  of  the  epithelium  had  heen  destroyed.  In  the  repair  which 
followed,  some  of  the  epithelial  cells  which  had  remained  had  proliferated, 
giving  rise  to  these  glandlike  structures  surrounded  hy  the  pigmented  cells, 
the  evidence  of  old  hemorrhage.  Dr.  Thomas  Ordway  called  my  attention  to 
glandlike  structures  in  the  wall  of  the  appendix  (Fig.  50).  They  were  similar 
to  those  in  the  ovary,  even  to  the  presence  of  ciliated  cells.  There  was  not 
any   evidence   of   In  iiinrrliaue    into,   or   about,   the   glandlike    structures   of   the 
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Fig.  60. — Adenoma  of  endometrial  type  of  the  posterior  uterine  wall  and 
superficially  invading  the  wall  of  the  ileum  which  is  fused  to  the  uterus  at  this 
place.  Section  of  a  portion  of  the  wall  of  the  ileum  which  is  fused  with 
(drawn  into*  the  uterine  wall  at  this  situation.  I  believe  the  implantation  devel- 
oped on  the  posterior  wall  of  the  uterus  indicated  by  the  depression  beneath  the 
piece  of  intestine  attached  to  it.  It  only  superficially  invaded  the  wall  of  the 
intestine  but  has  extensively  invaded  the  uterine  wall,  giving  rise  to  a  typical 
so-called  adcnomyoma  of  the  uterus,  not  arising  from  the  direct  invasion  of 
the  uterine  mucosa  from  the  uterine  cavity  or  from  the  developmental  inclusions 
of  miillerian  epithelium  in  the  uterine  wall  or  from  a  metaplasia  of  the  peri- 
toneal mesothclium  but  from  the  implantation  of  endometrial  epithelium  from 
the  epithelial  lining  of  a  perforated  hemorrhagic  cyst  of  the  ovary  (of  endo- 
metrial type),  as  probably  the  majority  of  the  ectopic  pelvic  adenomas  (of 
endometrial  type)  shown  in  this  and  the  previous  communication  arose.  (For 
another  possible  source  of  implantation  adenomas  of  endometrial  type,  sec  text. ) 

appendix.  What  was  the  relation  between  the  adenoma  in  the  ovary  to  that 
in  the  appendix  and  culdesac?  A  small  ovarian  hematoma  of  endometrial 
type  which  had  perforated,  thus  scattering  some  of  its  epithelial  lining,  would 
account  for  the  involvement  of  the  appendix  and  culdesac.  The  apparent 
remains  of  such  a  hematoma  were  found  in  the  ovary. 

Case  7. — Iviplanlalion  adenoma  (of  endometrial  type)  in  the  anterior  Zi-all 
of   the  siiimoid :  similar  adenomas   invohinii   the   epiploie   appendages,   also   on 
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llw  posleriur  uterine  lV<iII  and  ri/ilit  in'ary.  t-a'n  lieiiuitomas  (uf  endumeirial 
type)  of  the  left  ovary,  une  not  perfoniled.  the  other  with  evidence  of  a 
perforation,  retrofiexed  uterus,  leiomyoma  and  leealiened  pelvic  floor. — Mrs. 
J.  L..  aficd  44,  complained  of  uterine  bleeding  and  a  sense  of  lack  of  supiiort. 
Slie  liad  one  child.  20  years  old.  Menstrviation  had  been  regular,  at  times 
profuse,  but  without  pain.  She  had  been  flowing  almost  continuously  for  more 
than  two  months  and  had  lost  a  large  amount  of  blood.  She  was  constipated 
but  not  more  so  during  the  menstrual  period.  Pelvic  examination  revealed 
a  weakened  pelvic  floor,  a  small  cervical  polyp,  a  retrofiexed  uterus,  slightly 
enlarged  and  very  hard.  The  preoperative  diagnosis  was  a  weakened  pelvic 
floor,  cervical  polyp,  retrofiexed  uterus  with  myofibrosis,  an  intramural  or 
submucous  myoma. 

Operation  at  the  Albany  Hospital,  July  <S,  1921,  demonstrated  the  uterus  to 
be  enlarged,  retrofiexed  and  freely  movable.  The  left  ovary  was  densely 
adherent  to  the  side  of  the  pelvis,  and  wdien  it  was  freed,  a  small  amount  of 
"chocolate"  fiuid  escaped.  The  peritoneum  of  the  anterior  surface  of  the  lower 
sigmoid  was  in  places  thickened  and  white  as  though  scar  tissue  had  arisen  from 
some  irritating  substance  which  had  "burnt"  it.  On  one  of  these  scarred  areas 
there  was  a  small  hemorrhagic  bleb  (Fig.  37),  which  was  excised.  Two  of  the 
epiploic  appendages  on  either  side  of  this  area  were  adherent  to  each  other,  as 
though  they  had  been  ligated  (Figs.  37  and  39).  These  were  removed.  The 
appendix,  both  tubes  and  ovaries  and  the  entire  uterus  were  removed  and  the 
pelvic  fioor  was  repaired.  The  hemorrliagic  bleb  embedded  in  the  sigmoid  was 
lined  by  low  to  cuboidal  epithelium  and  its  cavity  was  filled  with  old  blood.  I 
believe  it  was  a  hematoma  of  endometrial  type.  The  fused  epiploic  appendages 
were  invaded  by  tubules  of  endometrial  type  (Fig.  39).  The  hematoma  of  the 
left  ovary  with  evidences  of  perforation  could  have  given  rise  to  the  implanta- 
tion. The  implantations  on  the  uterus  and  right  ovary  were  adenotuas  of 
endometrial  type.  The  two  hematomas  of  the  left  ovary  were  typical  hematomas 
of  endometrial  type.  The  patient  developed  a  postoperative  intestinal  ileus 
which  was  relieved  by  an  enterostomy.  Otherwise  she  made  a  satisfactory 
convalescence. 

Case  8. — hnplantation  adenoma  i  of  endometrial  type)  of  the  .sigmoid  and  the 
posterior  and  anterior  surfaces  of  the  retroverted  uterus,  larye  liematoma  (of 
endometrial  type)  of  the  left  ovary  zmth  evidence  of  a  previous  perforation. 
Mrs.  F.  W.  T.,  aged  47,  complained  of  pain  in  the  left  lower  abdomen  and  con- 
stipation at  the  menstrual  periods.  She  had  had  one  child,  ten  years  ago. 
Menstruation  was  moderate  in  amount  and  always  associated  with  some  pain. 
This  pain  had  gradually  increased  in  severity  during  the  last  three  years  and 
especially  during  the  last  four  months.  The  pain  had  been  so  severe  during  the 
last  four  months  that  slie  was  forced  to  spend  one  or  two  days  in  bed.  The 
pain  was  worse  on  the  left  side.  Constipation  had  been  increasing  and  was 
worse  during  menstruation.  The  patient  did  not  have  any  pain  between  the 
menstrual  periods.  Pelvic  examination  demonstrated  the  uterus  to  be  retrofiexed 
and  fixed  in  the  pelvis  with  an  adherent  cystic  mass,  the  size  of  a  small  orange, 
occupying  the  region  of  the  left  ovary.  The  bottom  of  the  culdesac  (best 
detected  on  rectal  palpation)  felt  slightly  nodular.  The  preoperative  diagnosis 
was  a  probable,  perforated  hematoma  of  endometrial  type  of  the  left  ovary,  with 
implantations  in  the  culdesac  and  adherent  retroverted  uterus. 

At  operation  at  the  Albany  Hospital,  July  21.  1921.  the  uterus  was  found  to 
be  retroverted,  with  the  sigmoid  adherent  to  the  fundus.  Small  peritoneal  cysts 
with  encapsulated  blood  were  found  on  the  surface  of  the  uterus  at  the  junction 
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of  the  fundus  and  adherent  sigmoid  and  one  on  the  anterior  surface  of  the  uterus 
below  the  origin  of  the  left  round  ligament.  There  was  a  similar  bleb  on  the 
mesentery  of  the  sigmoid  at  the  pelvic  brim  and  a  characteristic  lesion  on  the 
anterior  surface  of  the  sigmoid  (Figs.  26  and  27).  The  uterus  was  adherent  to 
the  sigmoid  and  rectum,  posteriorly.  When  the  densely  adherent  ovarian 
hematoma  was  freed,  its  wall  was  torn  and  a  large  amount  of  "chocolate"  fluid 
escaped.  The  wall  of  the  hematoma  was  so  densely  adherent  to  the  fide  of 
the  pelvis  that  it  was  removed  in  fragments.  Both  tubes  were  apparently  patent 
and  the  right  ovary  seemed  normal.  .'\n  indentation  was  found  in  the  wall  of 
the  lower  sigmoid,  with  thickening  of  the  tissues  about  it  and  characteristic 
small  pigmented  areas  on  the  surface  of  the  intestine  (Fig.  27).  The  appendix, 
both  tubes,  ovaries  and  the  entire  uterus  were  removed.  The  implantations  in 
the  sigmoid  were  not  disturbed.  The  greater  portion  of  the  posterior  wall  of  the 
uterus  was  superficially  invaded  by  an  endometrial  adenoma.  Similar  tissue 
was   found   in  the  anterior  wall  of  the  uterus  beneath   the  small   hemorrhagic 


Fig.  61  (Case  12). — Cross-section  of  the  left  utcrosacral  ligament  showing 
that  it  is  invaded  by  an  adenoma  of  endometrial  type,  the  dilated  tubules  of 
which  were  distended  with  menstrual  blood  prior  to  the  operation. 

cysts.  1  believe  the  blood  in  the  cysts  arose  from  the  underlying  adenoma  and 
was  menstrual.  Sections  of  the  wall  of  the  left  ovarian  hematoma  showed  that 
it  was  lined  by  pigmented  tissue  resulting  from  previous  hemorrhages.  The 
epithelium,  for  the  most  part,  was  lacking,  except  near  the  hilum  of  the  ovary. 
The  hematoma  of  the  left  ovary  with  evidence  of  perforation  could  have  been 
the  cause  of  all  the  implantations.  The  patient  made  a  satisfactory  con- 
valescence and  has  remained  well. 

C.\.SE  9  (Dr.  Elting's  case). — Implantation  adenoma  (of  endometrial  type) 
of  the  appendix  and  posterior  uterine  wall;  hematoma  (of  endometrial  type)  of 
both  ovaries  with  ei'idenee  of  perforations.  September  30  of  this  year.  Dr. 
A.  W.  Elting  showed  me  a  specimen  of  the  uterus,  tubes,  ovaries  and  appendix, 
which  he  had  just  removed  and  had  correctly  interpreted  as  one  of  implantation 
adenoma  with  perforated  hemorrhagic  cysts  of  both  ovaries.  He  gave  me 
permission  to  study  the  specimen  and  it  is  through  his  courtesy  that  I  am 
reporting  the  case. 
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Mrs.  R..  aged  47.  complained  of  abdominal  pain.  She  had  had  one  child, 
twenty-three  years  previously.  Two  years  ago  she  had  an  attack  of  pain 
in  the  lower  abdomen,  the  symptoms  suggesting  peritonitis.  She  had  a  similar 
attack.  September  5,  of  this  year,  beginning  on  the  first  day  of  the  menstrual 
period.  .\t  the  operation  at  the  Albany  Hospital,  Sept.  30,  1921,  Dr.  Elting 
found  the  intestines  and  omentum  stained  a  dirty  brown  (old  blood)  ;  this  was 
most  marked  in  the  pelvis.  The  uterus  was  firmly  adherent  to  the  rectum.  He 
removed  the  uterus,  tubes,  ovaries  and  appendi.x.  Both  ovaries  contained  typical 
hematomas  of  endoiuetrial  type  with  evidence  of  a  previous  perforation. 
Implantation  adenoma  of  endometrial  type  was  present  on  the  posterior  surface 
of  the  uterus,  which  it  liad  invaded.  The  surface  of  the  appendix  was  studded  with 
reddish  elevations  which  histologically  proved  to  be  implantations  of  typical 
uterine  mucosa  (Figs.  47,  48  and  49).  The  hemorrhage  into  the  peritoneal 
cavity  undoubtedly  arose  from  menstrual  blood  escaping  from  the  implantations, 
the  ovarian  hematomas  or  both.  It  is  most  significant  that  the  present  attack 
of  abdominal  pain  occurred  on  the  first  day  of  the  menstrual  period.  The 
ovarian  hetnatomas  with  evidence  of  a  previous  perforation  could  have  given 
rise  to  the  implantations. 

C.\SK  1(1. — hnplantatioii  adcinniui  (of  endometrial  tyf>cl  of  ihc  rectum,  recto- 
vaghial  sel'tum.  (•/'i/'/iiiV  apfeiidaijc  of  the  sigmoid,  mesentery  of  the  appendix, 
tubes,  posterior  layers  of  the  broad  ligaments  and  posterior  uterine  ivall; 
hematoma  (of  endometrial  type)  of  both  ovaries,  ez'idence  of  a  previous  per- 
foration of  the  hematoma  of  the  right  ovary,  multiple  leiomyomas  of  the  uterus. 
Mrs.  W.  W.  C,  aged  40,  complained  of  severe  dysmenorrhea  and  pressure  sensa- 
tions in  tlie  rectum,  the  latter  most  marked  during  the  menstrual  flow.  She  had 
been  married  thirteen  years  but  had  never  been  pregnant.  Menstruation  had 
always  been  painful,  gradually  increasing  in  severity  during  the  last  year  and 
especially  during  the  last  four  months.  The  amount  of  the  flow  had  increased 
during  the  last  year.  Backache  and  pressure  sensations  in  the  rectum  were  most 
marked  the  third  and  fourth  days  of  the  flow  and  lasted  for  a  week  after  the  flow 
ceased.  Constipation  had  also  increased  the  last  year  but  was  not  always  worse 
during  the  ir.enstrual  flow.  The  patient  was  operated  on  four  days  after  the  last 
iTienstrual  period.  Pelvic  examination  demonstrated  the  uterus  to  be  irregularly 
enlarged  and  fixed  in  the  pelvis.  There  was  marked  irregular  induration  in  the 
culdesac,  with  an  oblong  mass  the  size  of  one's  thumb  extending  down  between 
the  rectum  and  vagina  to  the  right  of  the  cervix  (Fig.  25).  The  preoperative 
diagnosis  was  iinplantation  adenoma  of  endometrial  type  in  the  culdesac  with 
extension  downward  to  the  right  of  the  cervix  in  the  rectovaginal  septum,  mul- 
tiple leiomyomas  of  the  uterus  and  probable  perforated  hematoma  of  endo- 
metrial type  of  the  ovary. 

At  operation  at  the  Albany  Hospital,  Oct.  ZZ,  1921,  the  uterus  was  found  to 
contain  several  leiomyomas.  On  drawing  it  upward  and  forward  the  anterior 
rectal  wall  was  carried  with  it,  as  it  was  fused  with  the  posterior  wall  of  the 
uterus.  The  right  ovary  was  enlarged  and  adherent  to  the  posterior  layer  of 
the  right  broad  ligament.  Small  pigmented  cysts  were  found  on  tlie  posterior 
wall  of  the  uterus,  on  the  anterior  wall  of  the  rectum  just  above  the  line  of  fusion 
with  the  uterus,  and  also  on  the  posterior  layer  of  the  right  broad  ligament 
along  the  line  of  fusion  with  the  ovarian  hematoma.  Implantations  were  also 
present  on  the  posterior  layer  of  both  broad  ligairients  just  lieneath  the  tubes 
(Fig.  19).  The  appendix  was  removed.  On  freeing  the  right  ovary  from  its 
attachment  to  the  posterior  layer  of  the  right  broad  ligament,  "chocolate"  fluid 
escaped.    The  uterus  was  separated  from  the  rectum  with  great  difficulty.    Both 
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Fig.  ()2  (Case  not  reported  in  this  series). — Tlie  development  of  a  small  per- 
forated hematoma  of  endometrial  type  from  glands  or  tubules  of  endometrial  type 
in  the  ovary  which  react  to  menstruation.  These  three  drawings  were  made  from 
different  parts  of  the  saine  ovary.  Section  A  shows  a  gland  or  tubule  lined  by 
columnar  epithelium,  some  of  which  is  ciliated.  (The  probable  origin  of  such 
a  gland  is  discussed  in  the  text.)  The  dark  area  to  the  left  of  the  gland  indi- 
cates a  stromal  hemorrhage.  Section  P  shows  a  later  stage,  the  tubule  or 
gland  has  become  larger.  It  is  now  a  sinall  cyst  lined  l)y  epithelium  of  endo- 
metrial type  with  stromal  hemorrhage  all  about  it  and  evidence  that,  previ- 
ously, soine  of  the  blood  in  the  stroma  had  escaped  into  the  cavity  of  the  cyst. 
This  cyst  is  gradually  approaching  the  surface  of  the  ovary  and  perforation 
would  probably  occur  before  it  becomes  much  larger.  Section  C  shows  one  of 
these  cysts  which  has  perforated,  one  half  the  inagnification  of  A  and  B  and 
from  the  same  section  as  that  shown  in  Figure  52.  Some  of  the  blood  in  the 
stroma  surrounding  the  cyst  had  broken  through  into  its  lumen,  carrying  with 
it  some  of  the  overlying  epithelium.  Perforation  had  occurred  into  the  peri- 
toneal cavity  and  some  of  the  contents  of  the  hematoma,  including  epithelial 
cells,  escaped  through  the  perforation  and  might  have  given  rise  to  imidantation 
adenomas  of  the  same  type  as  the  epithelium  lining  the  cyst.  Implantation 
adenomas  of  this  type  were  present  in  this  case  where  the  contents  from  such 
a  cyst  would  be  likely  to  fall.  The  cyst  C  is  only  partly  lined  by  epithelium 
which  is  low  to  columnar  and  only  a  few  ciliated  cells  were  found.  I  believe 
that  the  larger  hematomas  or  hemorrhagic  cysts  shown  in  this  paper  arose  from 
similar  glands  and  tubules  situated  deeper  in  the  ovary. 
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tubes,  ovaries  and  the  entire  uterus  were  removed,  the  greater  portion  of  the 
growth  extending  between  the  rectum  and  vagina  to  the  right  of  the  cervix  was 
not  removed.  Histologically,  all  the  implantations  showed  adenoma  of  endo- 
metrial type  and  both  ovaries  showed  hematomas  of  endometrial  type.  The 
patient'  made  a  satisfactory  convalescence. 

Case  11. — Implantation  adenoma  (of  endometrial  type)  of  the  anterior  sur- 
face of  the  sigmoid,  anterior  and  posterior  zvalt  of  the  uterus  and  right  ovary, 
hematoma  (of  endometrial  tyfel  of  left  ovary  7cilh  evidence  of  a  previous 
perforation.  Mrs.  W.  S.,  aged  38,  complained  of  severe  dysmenorrliea.  Slie 
had  never  had  any  children  but  had  had  three  miscarriages,  the  first  one  ten 
years  ago,  the  last  one  five.  I  had  operated  on  her  eight  years  ago,  removing  the 
appendix  and  suspending  the  uterus.  Menstruation  had  always  been  regular  but 
painful.  The  operation  gave  partial  temporary  relief.  The  pain  had  greatly 
increased  in  severity  the  last  year.  Recently  she  had  to  spend  from  one  to  two 
days  in  bed.  The  flow  was  profuse  and  of  from  six  to  eight  days'  duration.  The 
last  menstruation  occurred  a  week  before  the  operation.  She  was  constipated  but 
this  did  not  seem  to  be  more  marked  during  the  menstrual  period.  Pelvic 
examination  demonstrated  the  uterus  to  be  in  normal  position,  the  left  ovary 
was  possibly  adherent  and  very  tender,  the  right  one  was  enlarged  and  tender. 
The  culdesac  was  also  very  tender,  but  no  definite  induration  or  nodules  were 
palpated.  The  preoperative  diagnosis  was  adherent  left  ovary  with  possible 
perforated  hematoma  and  implantations  in  the  culdesac  and  cystic  right  ovary. 

At  operation  at  the  Albany  Hospital,  Oct.  25,  1921,  the  left  ovary  was  found 
to  be  adherent  to  the  side  of  the  pelvis  and  on  freeing  it  a  small  amount  of 
"chocolate"  fluid  escaped.  Implantation  adenomas  were  found  on  the  anterior 
surface  of  the  uterus,  just  above  the  vesical  attachment  and  also  on  the  posterior 
surface  of  the  uterus.  A  small  red  growth  resembling  a  small  polyp  or  urethral 
caruncle  was  noticed  on  the  anterior  surface  of  the  sigmoid,  just  below  the 
pelvic  brim  (Fig.  32).  This  was  excised  and  proved  to  be  a  typical  endometrial 
polyp  (Fig.  33).  The  entire  uterus  and  both  tubes  and  ovaries  were  removed. 
The  implantations  on  the  uterus  were  typical  endometrial  adenomas  (Fig.  34). 
Similar  implantations  were  also  found  on  the  lateral  surface  of  the  right  ovary. 
A  typical  perforated  hematoma  of  endometrial  type  was  present  in  the  left  ovary 
(Figs.  35  and  36).  and  this  could  have  given  rise  to  the  implantations  of  the 
endometrial  tissue  in  the  pelvis. 

Case  12. — Implantation  adenoma  I  of  endometrial  type)  of  the  posterior 
uterine  ivall  with  i>ivasion  of  the  small  intestine  adherent  to  it,  endometrial 
adenoma  of  both  uterosacral  ligaments;  the  left  ovary,  which  u'as  removed  four 
years  before,  contained  a  hemorrhagic  cyst.  Mrs.  F.  B.,  aged  35,  complained 
of  severe  dysmenorrhea,  backache  and  pressure  sensations  in  the  rectum.  She 
had  been  married  for  five  years  but  had  never  been  pregnant.  Menstruation 
had  always  been  painful ;  but  the  pain  had  increased  in  severity  the  last  year 
and  the  flow  had  also  increased  in  amount.  The  last  menstrual  flow  occurred 
a  week  before  the  operation.  She  was  constipated  and  complained  of  pressure 
sensations  in  the  rectum  for  nearly  a  year.  These  sensations  were  worse  dur- 
ing her  menstrual  periods.  She  had  been  operated  on  four  years  ago  by  Dr. 
E.  MacD.  Stanton  of  Schenectady  for  an  acute  attack  of  abdominal  pain;  the  left 
tube  and  ovary,  the  right  tube  and  the  appendix  were  removed.  Pelvic  exam- 
ination, Nov.  21,  1921,  demonstrated  the  uterus  to  be  of  normal  size  and  position, 
with  somewhat  restricted  movements.  The  uterosacral  ligaments  were  dis- 
tinctly palpable,  thickened  and  very  tender.     There  was  a  definite  enlargement 
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of  botli  of  tlicni  near  their  uterine  attaclinient.  This  was  more  marked  on  the 
left  side  and  this  ligament  felt  distinctly  nodular.  The  preoperative  diagnosis 
was  implantation  adenoma  of  endometrial  type  in  the  culdesac,  with  involve- 
ment of  the  uterosacral  ligaments.  The  opinion  was  expressed  that  the  ovary 
removed  four  years  before  probably  contained  a  hematoma  of  endometrial  type, 
.^t  operation  at  the  Albany  Hospital,  Nov.  25,  1921,  the  uterus  was  found  to  be 
in  normal  position,  the  sigmoid  was  densely  adherent  to  the  left  uterine  cornu 
and  a  loop  of  the  small  intestine  to  the  posterior  uterine  wall.  The  sigmoid 
was  first  separated  from  the  uterus  and  then  the  loop  of  the  sinall  intestine. 
The  small  intestine  was  so  densely  adherent  that  a  small  portion  of  its  outer 
wall  was  left  attached  to  the  uterus,  .'\ftcr  freeing  this  loop  of  the  small 
intestine,  it  was  evident  that  it  had  been  fused  with  an  implantation  endometrial 
adenoma  of  the  posterior  uterine  wall  and  that  both  uterosacral  ligaments  con- 
tained a  similar  growth  (Figs.  58,  59,  60  and  61).  The  entire  uterus  and 
remaining  ovary  were  removed.  The  ovary  was  normal ;  the  uterosacral  liga- 
ments and  posterior  uterine  wall  showed  endometrial  adenoiua  (see  the  illus- 
trations above  referred  to  with  their  legends). 

I  wrote  to  Dr.  Stanton  asking  him  what  was  found  at  the  previous  operation. 
He  very  kindly  furnished  me  with  the  following  information:  The  patient  was 
suddenly  seized  with  severe  abdominal  cramps  accompanied  with  nausea,  Sept. 
2,  1917,  and  was  operated  upon  Septeinber  29,  at  the  Ellis  Hospital,  Schenectady. 
The  pathologic  laboratory  report  (Xo.  570)  of  that  hospital  is  as  follows: 
".Appendix,  both  tubes  and  left  ovary:  appendix  and  tubes,  nothing  remarkable; 
left  ovary,  4.5  by  3.5  by  2  cm.,  one  hemorrhagic  cyst  has  been  evacuated."  The 
ovarian  cyst  was  not  examined  histologically ;  but  I  believe  it  was  probably  a 
hematoma  of  endometrial  type  and  was  probably  responsible  for  the  endometrial 
adenomas  involving  the  posterior  uterine  wall  and  the  uterosacral  ligaments.  These 
adenomas  may  have  been  present  at  the  first  operation;  but  I  believe  that  it  is 
more  likely  that  they  developed  subsequently  from  epithelium  escaping  from  the 
hemorrhagic  cyst  of  the  left  ovary  when  it  was  freed.  The  preservation  of  the 
right  ovary  may  have  been  responsible  for  the  dcvelopnient  of  this  epithelium 
into  adenomas. 

fiiNCLUSIO.N'S 

Intestinal  adenomas  of  endometrial  type  are  implantation  growths, 
similar  in  many  ways  to  those  arising  from  a  rupture  or  perforation 
of  a  malignant  (carcinomatous)  ovarian  cyst.  Fortunately,  their 
distribution  is  usually  not  so  great ;  they  are  not  so  invasive ;  they 
grow  more  slowly  and  spread  less  rapidly.  They  often  take  part  in 
menstruation  and,  therefore,  may  combine  this  function  with  that  of 
invasion.  These  implantations  may  spread  by  growth  by  continuity 
ami,  possibly,  by  further  implantations  arising  from  the  escape  of 
menstrual  blood  from  them,  carrying  some  of  the  overlying  epithelium 
with  it. 

The  portions  of  the  intestinal  tract  most  frequently  involved  are 
those  usually  found  in  the  pelvis :  as  the  sigmoid,  rectum,  appcndi.x 
and  terminal  loop  of  the  ileum.  In  the  twelve  cases  reported  in  this 
series,  the  rectum  and  the  sigmoid,  including  the  epiploic  appendages, 
and  the  mesentery  of  the  latter  were  involved  in  eight,  the  appendix  in 
four  and  the  small  intestine  in  two.     In  the  eight  instances  of  im])lanta- 
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tions  on  the  sigmoid  and  rectum,  an  ovarian  hematoma,  with  evidence 
of  a  ])revioiis  perforation,  was  situated  in  the  left  ovary  in  six;  while 
in  the  four  instances  of  implantation  on  the  ap])en(lix,  a  similar 
hematoma  Wds  situated  in  the  right  o\ary  in  all  iour.  This  suggests 
that  while  the  intestinal  implantations  from  either  ovary  may  be 
general  in  their  ])elvic  distribution,  the  portion  of  the  intestinal  tract 
normally  situated  near  that  ovary  is  more  likely  to  be  involved. 

The  character  of  the  intestinal  lesions  varies  greatly,  and  they 
may  be  grouped  as  follows. 

1.  i^urface  and  su])erficial  im])lantati(ins : 

((I)  .Subperitoneal  glands  and  tubules  of  endometrial  type  with 
evidence  of  hemorrhage  into  the  tissues  alxiut  them  or  in  the  lumen 
of  the  glands  or  tubules.  The  surface  of  the  intestine  involved  is 
thickened  and  the  brown  ]iigmented  dots  (1  to  2  mm.  in  diameter) 
and  larger  elevated  areas  due  to  the  hemorrhage  (menstrual)  can  be 
easily  detected  at  operation. 

( /i )  Endometrial  tissue  on  the  surface  of  the  intestine  including 
polyps,  which  often  appear   liomorrhagic. 

(r)    Sttbperitoneal  hematomas,  a  later  stage  of  (iroup  a. 

(d)  Encysted  menstrual  blood  which  had  escaped  from  an  vuuler- 
lying  endometrial  implantation. 

2.  Im])lantations  develojiing  between  adherent  folds  of  peritoneum 
and  other  adherent  structures  (pocketed  implantations),  best  seen 
in  the  culdesac  between  the  ])osterior  wall  of  the  uterus  and  the 
rectimi.  which  are  often  fused  together.  The  surface  of  the  adherent 
jiarts.  which  are  exposed  after  separating  tliem.  often  have  a  charac- 
teristic "pitted"  appearance  due  to  the  exposure  of  endometrial  tissue 
in  the  jjockets  between  the  adhesions  or  in  the  deeper  tissues  of  the 
organ  involved. 

3.  The  deej)  invasion  of  the  underlying  structure  or  organ.  The 
tubules  worm  their  way  into  the  tissues  of  the  intestine:  and  this  is 
often  associated  with  a  marked  hypertrophy  of  the  surrounding  con- 
nective tissue  and  muscle.  Many  varieties  of  endometrial  tissue  and 
its  derivatives  may  be  found,  including  glands  and  tubules  with  and 
without  a  characteristic  endometrial  stroma,  dilated  tubules,  miniature 
titerine  cavities,  hematomas  and  the  invasion  of  l\-mi)h  vessels  by 
endometrial  polyps. 

.\s  in  implantation  carcinoma  these  implantations  may  occur  on  any 
part  of  the  intestine;  its  peritoneal  surface,  its  mesentery  and  espe- 
cially the  epiploic  aj)pendages  of  the  sigmoid.  The  latter  may  serve 
as  a  portal  of  entry  to  the  deej.ier  tissues  of  the  wall  of  the  intestine. 

The   intestinal    U-sicjus   are   often    onl\'   of   histologic    interest    and    do 
not   give   rise    to   any    symptoms.      In   other   cases    the    lumen    of    the 
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intestine  is  encroached  upon  by  indentations,  liy  hyjiertrophy  of  its 
walls,  and  by  hematomas ;  the  latter  may  become  larger  during  men- 
struation so  that  symptoms  of  obstniclion  may  only  occur  or  l>e  more 
marked  at  that  time. 

The  implantations  in  the  culdesac.  including  the  involvement  of  the 
rectum,  can  often  be  palpated  prior  to  operation.  In  typical  cases  the 
diagnosis  can  usually  be  made  before  operation.  The  age  of  the 
patient  (usually  between  30  and  the  menopause),  the  acquired  dys- 
menorrhea or  recent  increase  in  inenstrual  pain,  the  disturbance  of 
intestinal  function  during  menstruation,  the  detection  of  a  small 
adherent  ovarian  cyst  or  adherent  ovary  and  the  palpatory  findings  in 
the  culdesac  present  a  syndrome  rarely  furnished  by  any  other  condition. 

The  operative  treatment  of  intestinal  adenoma  of  endometrial 
type  is  at  present  an  unsettled  problem.  My  own  reaction,  at  present, 
on  finding  what  appears  to  be  an  intestinal  lesion  is  to  examine  care- 
fully the  surface  of  the  intestine  for  dots  and  areas  due  to  hemorrhage, 
to  look  for  other  implantations  in  the  pelvis  and  most  important  of  all 
to  examine  carefully  the  ovaries  for  any  signs  of  a  hematoma  with 
evidence  of  a  previous  perforation,  bearing  in  mind  that  it  may  be 
very  small  and  is  most  frequently  situated  on  the  lateral  or  the  under 
surface  of  the  ovary.  If  the  evidence  found  indicates  an  adenoma  of 
endometrial  type  I  do  not  disturb  the  intestinal  lesion,  except  as  it  may 
be  easily  removed  for  histologic  study,  but  deal  with  the  pelvic  organs 
as  their  condition  requires.  Conservative  ovarian  surgery  in  these 
cases  leaves  behind  a  possible  source  of  more  im])lantations,  and  appar- 
ently retained  ovarian  tissue  may  .sometimes  stimulate  the  growth  of 
the  implantations  which  have  not  been  removed. 

I  believe  that  an  important,  and  probably  the  principal,  source  of 
these  implantations  is  the  epithelium  escaping  from  an  ovarian  hema- 
toma of  endometrial  type  which  has  perforated.  The  majority  of  the 
implantations  in  the  twelve  cases  reported  in  this  series  apparently  arose 
from  such  a  source.  There  is  the  possibility  that  some  of  them  may 
have  arisen  from  tubal  and  uterine  epithelium  escaping  through  the 
fimbriated  end  of  the  tube,  indejiendent  of  an  <ivarian  hematuma  with 
|)erforation. 

Ovarian  hematomas  of  endometrial  type  arise  from  glands  and 
tul>ulcs  of  this  tyi)e  in  the  ovary  which  react  to  menstruation.  If  they 
are  situated  on,  or  near,  the  surface  of  the  ovary,  perforation  occurs 
while  they  are  small  and  repeated  hemorrhage  and  perforation  may 
carry  away  all  of  the  epithelium  so  that  they  may  disappear;  or  if  it  is 
not  all  removed  the  ovarian  lesion  may  be  so  small  and  inconspicuous 
that  it  may  be  easily  overlooked  at  the  operation  and  also  in  the  labora- 
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torv  study  of  the  o\ary.  If  the  endometrial  gland  or  tubule  is  situated 
in  the  deeper  tissues  of  the  ovary,  then  the  hematomas  reach  a  larger 
size  before  perforation  takes  place. 

How  does  this  epithelium  of  endometrial  type  reach  the  o\arv?  Is 
it  of  developmental  origin  fr(im  the  inclusion  of  epithelium  of  the 
miillerian  or  the  wolffian  ducts  or  is  it  acquired  during  adult  life? 
The  evidence  which  I  have,  at  ])resent,  suggests  that  it  is  usually 
(possibly  always)  accpiired  from  the  implantation  on  the  surface  of 
the  o\arv  of  tubal  or  uterine  epithelium  escaping  through  the  fimbriated 
end  of  the  tube  and  possibly  from  tubal  fimbriae  in  contact  with  the 
o\ary.  This  epithelium  may  subsequently  invade  the  tissues  of  the 
ovary  and  later  develop  into  menstruating  cysts  giving  rise  to  hema- 
tomas of  endometrial  type,  the  perforation  of  which  permits  some 
of  the  epithelium,  cast  ofif  by  the  menstrual  hemorrhage,  to  escape 
into  the  })eritoneaI  cavity  and  there  develop  into  implantation  adenomas 
of  endometrial  type.  I  consider  the  ovary  as  an  intermediary  host, 
hotbed  or  incubator,  which  may  impart  increased  vigor  and  virulence  to 
this  epithelium,  so  that  when  it  escapes  from  the  ovary  it  may  be 
more  virulent  (malignant)  and  invasive  than  before  the  hematoma 
developed  and  the  perforation  occurretl.  It  may  not  be  an  essential 
intermediary  host,  for  it  is  possible  that  pelvic  implantations  may  arise 
from  tubal  and  uterine  epithelium  escaping  from  the  tube;  and  also 
implantations  from  lioth  sources  may  be  present  in  the  same  case.  The 
few  cases  which  1  ha\e  interpreted  as  possibly  arising  from  epithelium 
escaping  from  the  tubes  have  lacked  the  vigor,  invasiveness  and  wide- 
ness  of  distribution  of  the  implantations  usually  foutid  in  those 
associated  with  an  ovarian  hematoma  with  evidence  of  perforation 
and  also  usually  present  a  slightly  different  histologic  picture  from  the 
latter.  This  is  a  jiroblem  for  further  study.  The  larger  the  hematoma 
and  the  greater  the  perforation  the  wider  the  distribution  of  the 
implantations  and  apparently  the  greater  their  virulence. 

Intestinal  adenoma  of  endometrial  type  is  a  common  condition 
occurring  in  more  than  (}ne  half  of  the  cases  with  ectopic  endometrial 
adenomas  and  the  latter  may  be  found  in  from  10  to  20  per  cent,  of 
women  between  30  years  of  age  and  the  menopause  who  require  an 
abdominal  operation  for  some  disease  of  the  pelvic  organs.  On  account 
of  its  frequency,  pathologic  interest  and  clinical  importance,  it  deserves 
a  greater  recognition  than  has  been  accorded  it  in  the  past. 


THE    AUTOTRANSPLANTATION     OF     ENDOMETRIAL 
TISSUE     IN     THE    RABBIT* 

VICTOR     C.    JACOMSON,     M.U. 
Professor  of   Pathology,   Albany   Medical   College 


It  has  Ijeeii  observed  hv  S;im])S()n  '  tliat  in  woiikmi  between  the  age 
of  30  and  the  nienoi)ause  a  frequent  [)athol()}fic  con(Htiun  is  found  which 
consists  in  part  of  the  presence  of  "chocolate"  cysts  of  the  ovary. 
These  cysts  are  lined  with  ciliated  epithelium,  are  surrounded  by  stroma 
like  that  of  the  endometrium,  and  take  part  in  the  menstrual  cycle  in 
much  the  same  manner  as  does  the  uterine  mucosa.  When  a  cy.st  is 
close  to  the  surface  of  the  ovary,  it  may,  and  frequently  does,  rupture 
during  menstruation,  scattering,  in  the  pelvic  cavity,  epithelial  cells  of 
the  ty])e  lining  the  cyst  and  also  menstrual  blood.  The  menstrual  blood 
possibly  contains  a  substance  which  is  capable  of  so  altering  the  peri- 
toneum that  the  epithelial  cells  from  the  cyst  may  become  implanted 
where  the  peritoneum  is  injured,  and  develop,  producing  adenoma-like 
growths ;  or  these  cells  may  invade,  from  the  outside,  such  structures 
as  the  oviduct,  uterus,  appendix  and  intestine,  and  cause  a  proliferative 
smooth  muscle  reaction,  thus  simulating  very  closely  the  so-called 
adenomyoma.  This  observation  is  of  extreme  interest,  and.  if  correct, 
should,  it  seems,  be  susceptible  of  experimental  demonstration,  at  least 
in  some  of  its  phases.  With  the  purpose  of  investigating  the  matter 
from  this  standpoint,  five  rabbits  were  subjected  to  the  following 
operative  procedures.  The  animals  were  adult  females,  Belgian  hares 
and  Angoras,  age  unknown,  but  probably  from  8  to  12  months  old. 
All  operations  were  ])erformed  inider  ether  anesthesia  and  with  aseptic 
precautions. 

REPORT     OK     KXPERI.MENTS 

RxPK.RiMK.NT  1. — Four  cm.  of  the  right  cornu  was  removed  from  Rabbit  1, 
about  5  cm.  from  the  fimbriated  end.  The  cut  ends  of  the  cornu  were 
tied  with  silk,  as  were  the  vessels  of  the  broad  ligament  of  the  part 
removed.  The  excised  portion  was  opened  longitudinally  and  the  mucosa 
thoroughly  scraped  with  a  knife.  The  scrapings  were  gently  rubbed  into  pre- 
viously scarified  areas  of  the  peritoneum  of  loops  of  the  small  intestine  lying 
in  the  pelvis.  Then  this  piece  of  the  cornu  was  cut  into  very  fine  pieces,  most 
of  them  less  than  1   mm.  in  size,  and  about  a  dozen  of  these  pieces   were  dis- 
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tribiited  in  the  pelvis,  about  the  uterus  and  among  the  loops  of  intestine. 
Some  hlooil  (a  few  cubic  centimeters)  was  allowed  to  escape  into  the  pelvis. 
The  abdominal  wound  was  closed  with  throiigh-and-through  silk  sutures  and 
the  animal  was  allowed  to  recover.  It  was  kept  alone  in  a  cage  for  nine  weeks 
and  then  was  killed  with  ether.  Necropsy  showed  (1)  hydrosalpin.x  of  the 
remaining  distal  3  cm.  of  the  right  tube;  (2)  a  multilocular  cyst  containing 
clear,  thin,  colorless  fluid  in  the  fat  overlying  the  dilated  tube  at  one  point 
(Fig.  1).  This  cyst  was  2.2  cm.  in  diameter  and  had  several  chambers  lined 
with  a  smooth  glistening  membrane.  (3)  A  multilocular  cyst,  2  cm.  in  diameter, 
in  the  fat,  closer  to  the  fundus  uteri  (Fig.  2)  ;  (4)  a  cyst,  2  mm.  in  diameter, 
attached  to  the  serosa  of  the  left  tube   (Fig.  3). 

Histologic  Examination. — An   implanted  piece  of   tissue  in  the  mesentery  of 


tlic    right    tube    resulted    in    the    formati 


if    a    multilocular    cyst. 


Fig.  1  (Rabbit  1  ). — Right  cornu  opened,  showing  hydrosalpin.x  and,  in  the 
fat  of  the  mesosalpin.x,  a  multilocular  cyst  in  which  can  be  seen  a  polypoid 
ingrowth. 

diameter.  It  was  lined  by  low  to  high  columnar  ciliated  epithelium.  Polypoid 
ingrowths  had  occurred  (Fig.  5):  a  few  were  fairly  large,  with  a  stroma  of 
loosely  arranged  spindle  cells  and  numerous  thin  walled  blood  vessels.  The 
epithelium  covering  the  polypi  was  hyperplastic,  sending  tortuous  processes  down 
into  the  substance  of  the  polyp.  Mitotic  figures  were  present  in  the 
epithelial  cells  in  moderate  numbers  (Fig.  6).  The  cyst  was  partially  sur- 
rounded by  thin  layers  of  smooth  muscle,  which  were  abruptly  broken  at 
several  points.  Between  the  epithelial  lining  and  its  supporting  stroma  was 
a  layer  of  collagen  fibers  and  fibroblasts  which  formed  a  sort  of  submucosa. 
The  muscle  bundles  passed  in  many  directions  and  ended  in  the  surrounding 
adipose  tissue.  Mitotic  figures  were  present  in  some  of  the  muscle  fibers.  Fat 
cells  had  apparently  grown  in  between  fibers  of  traumatized  muscle  fasciculi. 
Fibroplasia  in  the  adjacent  fat  was  marked  and  clasmatocytes  and  eosinophils 
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were  found  in  small  numbers  between  the  fat  cells.  Xo  nerves  were  seen  in 
the  cyst  wall.  The  peritoneum  had  covered  the  defect  produced  at  operation 
and   no   evidence  of   downgrowth   to   the   cyst   was   observed. 

In  Figure  2  the  superficial  nubbin  on  the  fat  is  almost  a  reproduction  of  a 
tube,  there  being  in  addition  to  the  epithelial  lining  a  surrounding  layer  of 
regenerating  smooth  muscle  which,  however,  is  not  laid  down  in  so  orderly 
a  manner  as  in  the  normal  tube. 

The  large  cyst  which  was  continuous  with  the  growth  just  described  was 
lined  by  ciliated,  low  to  high  columnar  epithelium.  Some  of  the  cells  were 
not  ciliated  but  these  were  of  low  and  apparently  immature  type.  There  were 
polypoid  ingrowths,  with  numerous  dilated  gland  spaces  along  their  bases.  The 
stroma  of  the  "mucosa"  was  of  endometrial  character.  The  glands  had  no 
basement  membrane.     .Mitotic  figures  were  found  in  both  epithelium  and  smooth 


Fig.  2  (Rabbit  1). — /Xnother  multilocular  cyst  in  the  mesosalpin.x.  apparently 
arising   by   downgrowth   of  epithelium    from    the   superficial   nubl)in    in   «. 

muscle.  There  was  a  marked  proliferation  of  fibroblasts  and  infiltration  by 
wandering  cells   in  the  fat  surrounding  the  cyst. 

The  cyst  in  the  fat  over  the  left  cornu  (Fig.  3)  was  lined  with  low  columnar 
epithelial  cells,  some  of  which  were  ciliated.  Very  little  stroma  separated  it 
from  the  subjacent,  dense  fibrous  tissue  in  which  were  a  few  smooth  muscle 
fibers  (Fig.  4).  The  cyst  was  separated  from  the  cornu  proper  by  a  wide 
interval  of  fat  which  showed  much  invasion  by  fibroblasts  about  the  cyst. 
The  peritoneum  overlying  the  cornu  and  cyst  was  not  involved  in  the  formation 
of  the  cyst. 

ExPKRiMKXT  2. — The  mucosa  of  a  portion  of  the  right  cornu  was  removed 
from  Rabbit  2.  of  the  same  size  and  from  the  same  situation  as  in  Rabbit  I. 
It  was  dissected  off  carefully  and  cut  into  pieces,  a  millimeter  in  size  or  less. 


284 


ARCHirHS     OF    SUKGEKY 


One  piece  was  inserted  into  the  right  ovary  in  each  of  two  places  on  the 
anterior  surface,  through  stab  wounds.  One  piece  was  slipped  under  the  ger- 
minal epithelium.  Mesentery  was  wrapped  about  the  ovary  and  secured  with 
two  linen  sutures.  Eight  weeks  later,  under  ether  anesthesia,  the  abdominal  cavity 
was  o.xamined.  At  the  site  of  the  right  ovary  was  found  a  bluish-red  mass, 
aliout  the  normal  size  of  the  ovary.  The  fat  and  tissue  about  it  were  lirmly 
adherent  and  indurated.  The  wound  was  closed  and  in  a  few  days  it  was 
healed.  The  animal  was  put  with  a  male  rabbit  in  order  to  study  the  effect 
of  heat  on  any  cyst  which  might  develop.  Eight  days  later,  the  animal  died 
from  severe  coccidiosis.  No  pregnancy  had  developed.  The  left  ovary  and 
cornu  were  normal.  There  was  right  hydrosalpin.x,  and  at  the  site  of  the 
right  ovary  a  mass,  l.S  cm.  in  diameter,  parts  of  which  were  yellow  and 
opaque,  but  as  a  whole  it  was  cystic,  witli  fibrous  adhesions  tirmly  matted 
around   it. 

Histologic  Examination. — Occupying  the  greater  part  of  the  substance  of  the 
ovary  were  two  cystic  cavities,  the  larger  1  cm.  in  diameter,  the  smaller  about 
0.5  cm.  (Fig.  8).  The  larger  cyst  was  surrounded  by  ovarian  tissue,  except 
on  its  posterior  surface,  where  the  peritoneum  and  subserous  fibrous  layer 
alone  covered  it.  Serial  sections  demonstrated  that  the  cyst  approached  close 
til  the  up[ier  peritoneal  surface.  It  was  lined  with  cuboidal  to  columnar  epi- 
thelium   which    in   many   places   was   ciliated,   and   here   and   there   thrown    into 


Fig.  3  (Rabbit  1). — Gross   appearai: 
left  conni. 


St    in   the    fat   overlying   the 


very  low  rugae.  No  mitotic  figures  were  seen.  Epithelial  buds  in  the  form  of 
small  tubules  were  plentiful  beneath  the  lining  membrane.  .'\t  one  point,  a 
small  polyp  projected  into  the  cavity.  The  polyp  was  covered  with  high 
columnar  epithelium,  each  cell  being  densely  ciliated.  Small  masses  of  erythro- 
cytes and  a  few  hemosiderin-ladcn  phagocytes  were  present  in  the  lumen. 
The  stroma  of  the  polyp  was  edematous  fibrous  tissue,  with  numerous  fine 
capillary  vessels. 

The  stroma  of  the  subepithelial  layer  of  the  cyst  was  composed  of  rather 
closely  packed  collagen  fibers  and  flattened  spindle  cells,  and  surrounding  this 
layer   was  a  thicker  layer  of  smooth  muscle   fibers  and  collagen. 

The  smaller  cyst  on  one  side  lay  apposed  to  ovarian  tissue ;  but  its  growth 
had  apparently  been  in  great  part  subperitoneal.  It  was  quite  similar  to  the 
larger  cyst,  with  the  exception  that  not  so  many  of  its  lining  cells  were  ciliated. 

The  ovarian  tissue  contained  a  multitude  of  primordial  follicles  of  many 
sizes,  and  corpora  lutea  were  also  very  numerous.  Several  narrow  spaces  just 
beneath  the  peritoneum  and  also  deeper  in  the  ovary  were  lined  with  non- 
ciliated  cuboidal  cells  which  were  undoubtedly  peritoneal  in  origin.  In  several 
places,  in  the  vicinity  of  the  two  large  cysts,  were  large  numbers  of  mono- 
nuclear  phagocytes   filled    with   hemosiderin. 
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These  two  cysts  were  in  all  probability  derived  from  the  transplanted  endo- 
metrial tissue,  as  they  were  like  the  cysts  found  by  similar  transplantation  into 
the  fat  of  the  mesosalpinx,  being  lined  with  ciliated  epithelium  which  had  formed 
irregular  folds  and  polypoid  ingrowths  and  with  stroma  composed  of  fibrous 
tissue  and  smooth  muscle. 

Experiment  3.  —  The  mucosa  was  dissected  from  2  cm.  of  the  excised 
portion  of  the  left  cornu  from  Rabbit  3,  and  cut  up  into  millimeter-sized 
pieces.  With  the  point  of  an  eye  knife,  three  stab  wounds  were  made  in 
the  anterior   serosal   surface   of   the    fundus   uteri,   and   with    fine    forceps,  two 


Fig.   4. — Low    power    photomicrograph    of    a    transverse 
cyst  and  cornu  shown  in  Figure  3. 


ection   through   the 


pieces  of  cornual  mucosa  were  inserted  beneath  the  serosa.  There  was  slight 
bleeding  from  these  wounds.  The  left  mesosalpinx  was  brought  over  the 
wounded  surface  and  held  in  place  by  a  linen  stitch  on  the  right  side  of  the 
uterus.  Nine  weeks  later  the  animal  was  killed  with  ether.  On  the  anterior 
surface  of  the  uterus  were  found  two  glistening  cysts,  0.5  and  1  cm.  in  dia- 
meter, respectively.  These  cysts  appeared  to  be  somewhat  adherent  to  the  wall 
of  the  fundus.  There  were  focal  indurated  areas  in  the  fat  of  the  meso- 
salpinges.     On  section  these  areas  were   found  to  contain  cysts   (  Fig.  9). 
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Histologic  Examination. — Fundus  Uteri :  Where  the  wall  had  been  trauma- 
tized by  the  knife,  fibrous  tissue  had  grown  into  the  defect,  with  subsequent 
puckering  produced  by  the  scar.  No  epithelial  growth  was  found  in  serial 
sections  proceeding  outward  from  the  mucosa  or  inward  from  the  serosa.  The 
pieces  of  tissue  which  had  been  planted  beneath  the  serosa  had  apparently 
become  loosened  from  their  positions  and  had  wandered  out  in  the  pelvic 
cavity  where  they  became  attached  at  the  following  points.  Two  cysts  lay 
closely  apposed  in  the  fat  overlying  the  fundus.  Their  walls  were  very  thin, 
that  of  the  larger  being  about  0.5  mm.  and  of  the  smaller  about  0.9  mm.  in 
the  fixed  specimen.  Where  the  cysts  were  in  contact  with  each  other,  their 
walls    increased    in    thickness    to    about    1.2    mm.      In    the    larger   cyst    was    an 


Fig.  5. — Photomicrograph  of  a  section  through  /;  in  Figure  2,  showing 
polypoid  growths  into  the  lumen  of  the  cyst.  Much  smooth  muscle  is  present 
in  the  wall  of  the  cyst. 


albuminous  precipitate  and  a  small  amount  of  recent  hemorrhage  with  a 
moderate  number  of  polymorphonuclear  neutrophils  and  mononuclear  phago- 
cytes. The  cyst  was  lined  with  a  single  layer  of  epithelial  cells,  which 
in  the  thinnest  parts  were  flattened ;  but  where  the  wall  was  thicker,  they  were 
low  to  high  cuboidal.  Many  of  these  cells  had  rounded  knobs  which  might 
have  been  a  precursory  stage  of  cilia.  Rarely  a  cell  was  found  with  well 
developed  cilia.  There  were  numerous  shallow  glandlike  downgrowths  of 
epithelium,  and  the  stroma  about  these  was  composed  of  fairly  large  spindle 
cells,  with  large  vesicular  nuclei.  Beneath  this  layer,  which  was  quite  thin,  were 
arranged   bundles   of   smooth    muscle   fibers   in   a  circular   manner,   and   outside 
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the  circular  layer  these  fibers  were  found  lying  in  many  different  planes.  The 
wall  of  this  cyst  was  well  supplied  with  thin  walled  blood  vessels.  The  sur- 
rounding  fat   showed   very   little   fibroplastic   reaction. 

The  smaller  cyst  diflfered  from  the  larger  in  being  lined  with  epithelial 
cells  of  a  higher  type,  and  in  one  quadrant  a  polypoid  growth  extended  into 
the  lumen.  This  growth  was  1  mm.  in  size  and  was  covered  with  low  columnar 
epithelial  cells  which  had  a  knobbed  free  surface.  The  nuclei  lay  in  the  basal 
portion  ;  many  were  hyperchroniatic,  a  few,  in  mitosis.  The  stroma  was  com- 
posed of  fibroblasts  and  newly  formed  blood  vessels  and  a  few  i)olymorphonuclear 
neutrophils    and    eosinophils    were    present.      A    few    tubular    ingrowths    pro- 


Fig.  6. — High  power  photomicrograph  of  part  of  the  lining  of  the  infoldings 
in  Figure  5.  Numerous  ciliated  cells  are  shown  and  the  arrow  points  to  an 
epithelial  cell  in  mitosis. 

ceeded  from  the  surface  into  the  center  of  the  polyp.  The  stroma  of  the 
lining  membrane  was  similar  to  that  of  the  larger  cyst,  and  surrounding  it 
were  bundles  of  smooth  muscle  lying  in  many  planes  as  in  the   former. 

In  the  fat  of  the  mesosalpinx  was  a  multilocular  cyst  (Fig.  9  h),  about 
3  cm.  from  the  fundus,  and  of  practically  the  same  structure  as  those  just 
described,  although  the  larger  cavities  had  a  single  layer  of  flattened  epithelium 
for  lining,  with  no  evidence  of  cilia.  The  wall  consisted  of  fibrous  tissue 
bundles  intertwined  with  smooth  muscle  fibers.  It  contained  a  clear  fluid,  but 
no  blood.  This  cyst  was  embedded  in  the  fat  of  the  mesosalpinx,  but  there 
was  very  little  reaction  in  the  surrounding  fat.  only  a  narrow  zone  of  fibroplasia. 
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Lying  in  the  right  mesosalpinx  fat,  at  another  point,  was  a  multilocular 
cyst,  nearly  3  cm.  in  diameter  (Fig.  9  a).  It  contained  about  six  chambers, 
all  but  two  of  which  communicated  with  one  another.  The  wall  varied  in 
thickness  from  a  fraction  of  a  millimeter  to  3  mm.  Papillary  ingrowths  had 
occurred  and  these  consisted  of  a  stalk  of  delicate  fibrovascular  stroma  covered 
with  cuboidal  to  columnar  epithelium  in  single  or  double  layers.     Small  groups 


Figure  7. — .Another  portion  of  the  wall  of  the  cyst  in  Figure  5,  showing 
the  columnar  epithelium,  many  cells  ciliated,  and  many  having  on  their  free 
surfaces  knobs  which  may  be  precursors  of  cilia. 


of  epithelial  cells  had  invaded  the  stroma  in  several  places.  The  subepithelial 
layer  elsewhere  consisted  of  closely  packed  short  spindle  cells,  somewhat 
similar  to  those  of  the  endometrium.  A  layer  of  smooth  muscle,  about  six 
cells  in  thickness,  surrounded  this  cystic  growth  and  this  in  turn  was  sur- 
rounded by  a  band   of  collagen   fibers. 
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Experiment  4. — At  operation  on  Ralibit  4,  midterm  pregnancy  was  found, 
with  four  fetuses  in  the  left  eornu  and  two  in  the  right  cornu.  The  dilated 
portion  of  the  right  cornu  containing  the  distal  fetus  was  extirpated,  and  the 
pieces  a  and  h  (Fig.  10)  were  removed,  about  1.5  cm.  each,  from  which  the 
mucosa  was  dissected  free.  Very  fine  pieces  of  mucosa  were  inserted  into 
the  right  mesosalpinx  in  two  pockets,  about  1   cm.  deep.     The  animal  was  then 


Fig.  8. — Low  power  photomicrograph  of  the  right  ovary  of  Rabbit  2,  showing 
two  cysts,  a  and  b,  which  resulted  from  the  endometrial  tissue  implanted,  in 
the  ovary. 

put  in  a  cage  containing  a  male  rabbit.  Seven  weeks  later  an  exploratory  opera- 
tion was  performed.  No  mature  fetuses  were  found,  the  animal  having  delivered 
and  probably  eaten  them,  several  weeks  before.  Roth  cornua  were,  however, 
congested,  an  early  pregnancy  undoubtedly  existing  in  the  left  but  none  in  the 
remaining  .1  cm.  of  the  right.  The  mesenteric  fat  of  the  right  cornu  was 
indurated  in  an  area.  1.5  cm.  in  diameter,  in  the  portion  nearest  the  fundus,  and 
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a  reddish  discoloration  was  visible  through  the  fat  in  this  area.  The  fundus. 
viewed  posteriorly,  showed  adherent  to  it  a  slightly  reddish  firm  inass,  3  mm. 
in  size  but  of  irregular  outline.  The  animal  was  again  allowed  to  recover. 
Ten   days   later   it  was  killed. 

Necropsy  disclosed  two  well  developed  fetuses  in  the  left  cornu,  but  none 
in  the  right.  There  was  no  visible  evidence  of  infection.  The  anterior  uterine 
wall  was  adherent  to  the  abdominal  wall  along  the  line  of  the  scar.  There 
was  a  strawberry-like  prolusion  of  the  mucosa  of  the  stump  of  the  right  cornu. 
Cysts,  about  2  mm.  in  size,  each  filled  with  clear  fluid,  were   found  in  the   fat 


Fig.  9. — Photograph   of   gmss    speciir.eii.    sli,s.;htly   retouched,    of   two   cvsts 
the   mesosalpinx   of   Rabbit  3.     The   cyst  a   is   multilocular. 


of  the  right  mesosalpin.x  in  three  different  places.  These  cysts  appeared  to 
be  multilocular  and  lined  with  a  glistening  membrane.  A  firm  mass,  about  a 
centimeter  in  size,  was  found  quite  adherent  to  the  right  posterior  surface 
of  the  fundus  below  the  entrance  of  the  cornu. 

Histologic  Examination. — The  cyst  A  in  Figure  9  was  embedded  in  the  fat 
of  the  right  mesosalpinx,  about  O.S  cm.  from  the  cornu,  and  had  no  connection 
with  the  cornu.  It  was  composed  of  many  chambers,  four  of  macroscopic 
dimensions,  and  a  great  number  of  microscopic  cavities.  The  smaller  cysts 
were  formed  by  the  anastomosing  of  very  narrow  fibrous  septums  which  were 
covered   by  a   single   layer   of   much   flattened   epithelium.      The    larger   cavities 
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in  places  hail  a  stratified  lining  of  epithelial  cells  of  from  four  to  six  layers,  some 
hcing  ciliated,  although  low  cuhoidal  in  type.  The  stroma  consisted  of  a 
collagenous  reticulum  with  small  bundles  of  smooth  muscle  fibers  here  and 
there,  frequently  lying  near  a  cyst  and  following  the  cyst's  contour.  Many 
thin  walled  blood  and  lymph  vessels  were  present.  In  many  places,  the  stroma 
had  been  invaded  by  small  groups  of  epithelial  cells,  and  about  them  fibro- 
blasts had  taken  on  increased  activity  and  a  slight  lymphocytic  reaction  liad 
occurred.  These  smaller  masses  of  epithelium  usually  showed  a  lumen  and 
their  own  arrangement  at  times  suggested  a  syncytium  (Fig.  12).  Surround- 
ing the  entire  growth  was  an  irregular  border  of  fibrous  tissue  which  penetrated 
between  the  adjoining  fat  cells   in   delicate  liranches. 

.\nother  cyst  found  in  the  right  mesosalpinx  was  also  multilocular.  and  its 
structure  was  essentially  the  same  as  the  growth  just  described,  except  that 
there  had  been   less  invasion   of  the  stroma  by  the  epithelial  tissue. 

The  formations  in  Figures  11  and  13  differed  markedly  from  those  in  the 
other  two  growths  (Fig.  14).  The  former  are,  to  all  intents  and  purposes, 
multilocular  cysts  lined  by  flattened  epithelium,  some  of  which  is  ciliated.  One 
of  the  latter  may  be  considered  a  multilocular  cyst,  but  with  an  epithelium  of 
a  higher  type  and  much  more  deeply  staining.     l-"ach  of  the  cells  had  a  very 
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Fig.  10. — Diagram  showing  the  source  of  the  tissue  used  in  transplantation 
in  Rabbit  4,     Endometrium  from  pieces  a  and  b  were  used. 

large  nucleus  which  occupied  fully  two  thirds  of  the  ceil.  \  great  many  of  the 
cells  were  ciliated.  They  tended  to  form  acini  and  rounded  cystic  cavities,  which 
as  a  whole  were  much  smaller  than  those  shown  in  Figures  11  and  13.  No  true 
basement  membrane  was  present.  Many  epithelial  cells  were  found  lying  in  the 
stroma,  which  between  the  smaller  cysts  appeared  very  cellular  as  a  whole,  but  the 
infiltration  with  epithelial  elements  frequently  overshadowed  the  true  stromal 
architecture.  Scattered  throughout  the  stroma  were  small  groups  of  nonstriated 
muscle  fibers. 

In  Figure  14  is  seen  the  most  rapidly  growing,  from  a  histologic  point  of 
view,  of  all  the  growths  encountered  in  this  investigation.  It  was  located  in  a 
mass  of  fat  in  the  right  mesosalpinx,  which  was  firmly  adherent  to  the  right 
posterior  surface  of  the  fundus  uteri.  While  the  term  "adenoma"  has  purposely 
been  avoided  in  the  anatomic  descriptions  thus  far,  I  cannot  help  remarking 
that  the  term  "papillary  cyst-adenoma"  conveys  better  than  any  other  one  expres- 
sion the  essential  features  of  this  growth.  There  were  numerous  cystic  cavities 
into  which  projected  papillary  processes  of  many  sizes  and  shapes,  from  very 
simple  to  complex  arborizations.  These  processes  were  covered  with  cuboidal 
to  columnar  epithelium,  frequently  stratified.  The  cells  were  deeply  staining. 
with  a  large  round  to  oval  nucleus,  which  occupied  most  of  the  cell  and  was 
sometimes    in   mitosis.      Ciliated    cells    were   very   numerous,   both    on    the   cells 
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lining  tlie  smaller  acini  and  on  those  lining  the  largest  spaces.  The  stroma 
was  very  cellnlar  in  the  more  rapidly  growing  parts ;  hut  elsewhere  it  contained 
much  collagen  and  endothelial  lined  spaces.  A  few  lymphoid  cells  were  found 
scattered  here  and  there  in  the  more  cellular  areas. 

Many  epithelial  buds  and  dilated  acini  were  present  in  the  tissue  underlying 
the  lining  membrane,  apparently  arising  from  the  latter.  Smaller  cystic  out- 
growths had  proceeded  toward  the  fundus  uteri,  which,  while  not  actually 
experiencing  invasion  of  its  muscle  wall,  nevertheless  was  greatly  distorted  by 
a  papillary  cystic  growth  where  it  was  attached  to  the  mesosalpinx.  Serial 
sections  were  made  of  the  whole  of  this  growth.  Smooth  muscle  was  present 
in  small  amount  in  the  stroma.     The  reaction  a1)Out  the  entire  mass  was  quite 
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Fig.    11. — Low    power   photomicrograpli   of   a    multilocular   cyst    in   the   right 
mesosalpinx   of   Rabbit   4. 


similar  to  that  which  had  occurred  about  the  growths  in  the  animals  previously 
mentioned. 

The  epithelial  reaction  in  Figure  14  was  very  similar  to  that  which  had 
occurred  in  the  cornu  which  contained  the  fetuses,  but  it  was  distinctly  different 
from  that  in  Figures   11  and   13,  as  the  photomicrographs  show. 

Experiment  5.  —  At  operation  on  Rabbit  5,  pregnancy  was  found,  there 
being  five  fetuses  of  about  midterm  in  each  cornu.  A  linear  inci- 
sion was  made  in  the  anterior  wall  of  the  left  cornu,  over  the  fetus  lying 
proximal  to  the  fundus  uteri.  The  membranes  bulged  into  the  defect,  but 
there  was  little  bleeding.  Nothing  further  was  done  and  the  animal  was 
allowed  to  recover.     Twenty-four  days  later,  the  animal  was  killed   with  ether. 


JACOBSON— ENDOMETRIAL    TISSUE 


293 


At  necropsy  no  gross  evidence  was  found  of  the  incision  in  tlie  left  cornu. 
It  had  apparently  healed  completely  without  a  scar.  Three  indurated  areas 
were  found  in  the  fat  of  the  mesosalpinx  of  each  side.  They  were  all 
in  a  triangular  area,  about  3  cm.  wide,  whose  base  was  the  upper  surface  of 
the  left  cornu.  Two  of  these  indurations  were  3  mm.  in  size,  the  other,  1  mm. 
The  ovaries  contained  many  distended  follicles  and  corpora  lutea. 

HisliTlogic  E.vamiiHitioii.—]n   the  mesosalpinx  of   the  left   cornu  was  a  cyst, 
about  8  mm.   in   diameter.      It    was   lined   with    llattened   or   cuboidal   epithelial 


Fig.    12. — Epithelial   proliferation   in   the    stroma   of   the   cyst    in    I'l^ure    11, 
showing  a  tendency  to   form   syncitial-like  masses  about  dilated   spaces. 


cells,  many  of  which  were  densely  ciliated.  The  nuclei  were  round  or  oval, 
with  their  long  axes  parallel  with  the  circumference  of  the  cyst.  In  the  lumen 
was  a  fine  granular  precipitate.  Beneath  the  epithelial  layer  was  a  compact 
layer  of  collagen.  t"ibrol)lasts  and  a  few  smooth  muscle  libers.  The  cyst  was 
in  contact  with  the  peritoneum  over  about  one  fourth  of  its  circumference.  In 
the  surrounding  fat.  immediately  adjacent  to  the  cyst,  there  was  slight  fibro- 
plastic activity  and  a  few  small  groups  of  smooth  muscle  fibers  lay  isolated. 
In  another  place  in  the  fat  was  an  epithelial  lined  cyst,  about  2  mm.  in 
diameter.     The  cyst  communicated  with  a  smaller  cyst  which  was  probably  the 
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result  of  an  outgruxvtli  frcm  the  lar),'er.  In  the  lumen  of  both  were  a  few 
degenerating  epithelial  cells  and  mononuclear  phagocytes  containing  pyknotic 
material  and  fat  droplets.  An  occasional  cell  lining  the  larger  cyst  was  provided 
with  cilia.  The  lining  was  composed  of  epithelium  which  in  places  consisted  of 
several  cells  in  strata.  They  were  cuboidal  to  low  columnar  but  of  much 
irregularity    in    outline.      Xo    mitotic    figures    were    seen.      .-Xbout    the    epithelial 


Fig.  13. — Low  power  photomicrograph  of  a  multilocular  cyst  in  Rabbit  4, 
showing  epithelial  proliferation  in  the  stroma  and  the  characteristic  reaction 
in  the  surrounding  fat  about  an  endometrial  autotransplant. 


layer  was  a  condensation  of  collagen,  fibroblasts  and  a  moderate  number  of 
nonstriated  muscle  fibers.  In  the  adjacent  fat  was  much  hemorrhage,  tibroplasia, 
inliltration  by  eosinophils  and  mononuclear  phagocytes.  Many  newly  formed 
capillaries  were  present.  This  cystic  growth  was  apparently  very  young  and 
the  reaction  about  it  was  more  intense  than  in  the  usual  autotransplant. 
The  cornua  showed  the  same  picture  as   in  Rabbits   1,  2  and  3. 
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COMMENT 

In  atleiiiptiii};  to  plant  tissue  in  the  peritoneal  cavity  of  a  rabbit, 
certain  difficulties  are  encountered.  Peristalsis  of  the  intestines  and 
uterine  cornua  dislodge  transplants  unless  they  are  firmly  placed.  The 
endometrial  tissue  will  grow  where  it  stays  "put,"  and  if  it  is  cast  from 
its  anchorage  repeatedly,  it  probably  dies  and  is  dispo.sed  of  as  a  foreign 
body.  Injury  to  the  peritoneimi  probably  assists  in  the  localization  of 
the  transplants,  and  this  is  in  accord  with  Sampson's  theory  of  a  possible 
faculty  of  menstrual  blood  to  prepare  the  peritoneum  for  the  growth 
of  cells  escaping  from  a  perforating  hemorrhagic  cyst  of  the  ovary.    Tn 


Fig.  14. — Low  power  photomicrograph  of  the  very  rapidly  growing  "papillary 
cy.'it  adenoma"  in  Rabbit  4.  Serial  sections  show  much  pressure  atrophy  of  the 
fundus   uteri   where   the   growth   encroaches   on   it. 

the  rabbit,  advantage  was  taken  of  the  large  amount  of  adipose  tissue 
in  the  mesosalpinges,  and  endometrial  tissue  was  embedded  deep  in  it. 
This  method  resulted  in  a  large  percentage  of  "takes."  The  other 
transplants,  after  roaming  about  in  the  pelvis,  settled  down  and  grew 
in  the  vesico-uterine  space,  in  the  culdesac  and  on  the  free  sercsal 
surface  of  the  cornua. 

In  this  series  of  experiments,  performed  on  five  consecutive  female 
rabbits,  certain  facts  were  demonstrated :  (1 )  Endometrium  alone 
from  a  nonpregnant  animal  will  grow  when  transplanted  into  the  fat 
of  the  mesosalpinx  or  on  the  pelvic  peritoneum  of  the  .same  animal,  and 


Fig.  15. — High  power  photomicrograph  of  a  portion  of  one  of  the  papillary 
growths  in  Figure  14.  showing  the  hyperchromatic  epithelium,  the  great  cellu- 
larity   of   the   epithelial   tissue   and    invasion   of   the   stroma. 
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Fig.  16. — Low  power  photomicrograph  of  a  growth  of  epithelium  (some 
cells  with  cilia)  in  the  fat  just  heneath  the  peritoneum  of  the  left  mesosalpinx 
of  Rabbit  5.  Fibroplasia,  hemorrhage,  and  increased  vascularity  are  to  be 
noted  about  this  epithelium. 
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is  found  actively  growing  from  fifty-six  to  seventy  days  after  trans- 
plantation (Rabbits  1  and  3).  (2)  Endometrium  from  a  nonpregnant 
rabbit  will  grow  when  transplanted  into  an  ovary  of  the  same  animal, 
and  is  found  growing  sixty-four  days  after  transplantation  (Rabbit  2). 
(3)  Endometrium  from  a  pregnant  rabbit  after  transplantation  into 
pelvic  fat  or  onto  pelvic  peritoneum  will  grow  and  show  more  active 
proliferative  changes  than  endometrium  from  nonpregnant  rabbits 
(Rabbit  4).  (4)  An  incision  through  a  cornual  segment  containing  a 
fetus  may  result  in  dissemination  of  endometrial  cells  in  the  surround- 
ing tissues,  im])lantation  "adenomas"  thus  arising  (Rabbit  5). 

In  all  of  the  rabbits,  the  general  type  of  growth  produced,  whether 
in  the  nonpregnant  or  in  the  pregnant  animal,  was  a  cyst,  usually 
multilocular.  The  fluid  contents  of  the  cyst  were  not  examined  chemi- 
cally. Since  the  transplanted  tissue  acts  for  a  time  as  a  foreign  body, 
the  fibrous  tissue  formation  about  it,  along  with  smooth  muscle  fibers, 
constitutes  the  capsule  into  which  the  epithelial  sprouts  may  grow.  The 
cysts  were  lined  with  epithelium  which  was  either  actually  or  potentially 
ciliated.  The  stroma  may  simulate  closely  that  of  the  cornu  of  the 
uterus  from  which  the  transplant  was  made.  In  Rabbit  1  .smooth  muscle 
was  abundant  about  some  epithelial  growths  and  much  less  in  amount 
about  others.  It  seems  likely  that  the  former  growths  arose  from  trans- 
planted bits  of  the  entire  wall  of  the  cornu,  the  latter  from  transplanted 
endometrium.  The  smooth  muscle  reaction  about  endometrial  tissue 
seems  foreordained,  and  some  interesting  questions  arise  concerning  this 
feature.  Of  course,  in  the  transplants  of  the  entire  wall,  plenty  of 
smooth  muscle  is  included  to  form  a  source  of  future  muscle  production. 
In  the  dissected  mucosa,  it  is  practically  impossible  to  leave  behind  all 
smooth  muscle,  as  blood  vessels  are  torn  in  disengaging  the  mucosa, 
and  the  smooth  muscle  in  their  walls  may  be  a  .source  of  muscle 
formation. 

Just  what  interjjrctation  can  be  made  of  the  smooth  muscle  response 
about  the  transjjlants  in  the.se  rabbits?  The  whole  question  of 
"adenomyoma"  seems  to  hinge  on  this  special  influence  of  endometrial 
tissue  over  smootii  muscle  in  its  vicinity.  Cuthbert  Lockyer.  in  his 
"Fibroids  and  Allied  Tumors,"  page  375,  makes  the  following  state- 
ment on  this  subject : 

The  basis  of  an  adenomyoma  is  the  epithelial  heterotopy  or  invasion.  The 
myomatous  constituent  is  there  because  the  epithelial  infiltration  has  taken  place 
in  the  structure  containinK  muscle.  Muscular  tissue  is  not  essential  to  the 
process.  Epithelium  will  infiltrate  any  soft  tissue  during  the  process  of  repair. 
Under  certain  conditions  this  "process  of  repair"  runs  riot,  and  a  branching 
glandular  growth  is  produced;  if  muscle  is  in  the  matrix  in  which  this  takes 
place,  the  result  is  an  adenomyoma.     If  the  invaded  tissue  be  solely  fibrous,  the 
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resultant  is  a  tiliro-adenonia,  but  the  underlying  genetic  factor  is  one  and  the 
same  in  each  case,  i.  e.,  epithelial  repair  (following  an  inf-amtnatory  injury) 
carried  to  an  excess  which  becomes  pathological. 

The  amount  and  type  of  tissue  reaction  about  the  transplants  other- 
wise is  that  usually  obtained  in  autotransplants  of  the  uterus  of  the 
guinea-pig  into  the  ear  and  into  the  abdominal  wall,  also  in  autotrans- 
plants of  other  organs." 

The  most  striking  characteristic  of  the  multilocular  cysts  formed  in 
Rabbits  1,  3  and  5  is  the  similarity  in  the  proportions  of  the  various 
tissue  constituents  to  the  multilocular  cyst-adenoma  of  women.  The 
chief  difference  is  in  size.  It  is  well  known  that  ovarian  cysts  in  women 
are  very  slowly  growing.  What  would  have  been  the  ultimate  size  of 
the  cysts  in  these  rabbits  can  only  be  surmised  ;  but  there  are  no  indica- 
tions that  they  had  reached  their  maximal  development. 

Pregnancy  appears  to  exert  a  profound  influence  over  the  auto- 
transplants if  Rabbit  4  may  be  used  as  an  illustration.  The  tissue 
transplanted  was  taken  not  from  the  wall  surrounding  a  fetus  but  from 
that  narrow  zone  of  the  cornu  on  both  sides  of  a  fetus.  The  epithelium 
there  was  deeply  staining,  the  nuclei  hypertrophied  and  hyperchromatic, 
the  cells  proliferating  and  sending  numerous  buds  into  the  submucosa. 
In  this  rabbit,  two  multilocular  cysts,  much  like  those  of  Rabbits  1,  3 
and  5,  resulted  from  the  transplants,  one  of  them  being  nearly  2  cm. 
in  size.  However,  a  third  cyst,  while  multilocular,  was  lined  with 
epithelium  of  the  type  of  the  uterine  cornu.  The  stroma  also  resembled 
the  endometrial  stroma.  The  cysts  were  small  and  more  numerous ; 
many  were  more  like  dilated  acini.  The  cyst  in  Figure  13  appears  to 
be  of  a  very  rapidly  growing  and  invasive  type,  one  which  might  be 
called  a  papillary  cyst-adenoma,  with  some  of  the  characters  of  malig- 
nancy in  its  epithelial  elements,  i.  e.,  nuclear  and  cytoplasmic  hyper- 
chromatism,  mitosis,  invasion  of  stroma,  a  tendency  toward  invasion  of 
structures  to  which  it  is  adherent  (fundus  uteri). 

That  termination  of  the  pregnancy  would  have  resulted  in  the 
assuming  of  a  quiescent  state  by  the  new  growth  (transplant)  cannot 
be  denied  or  affirmed  at  present.  The  work  of  Loeb  ^  on  deciduoma 
in  guinea-pigs  suggests  such  an  influence.  Studies  are  being  made  to 
determine  this  point.  It  does  not  seem  an  unreasonable  hypothesis  that 
without  the  influence  of  pregnancy  simple  multilocular  cysts  are  usually 


2.  Hesselberg,  Cora;  Kerwin,  William,  and  Loeb,  Leo:  Auto  and  Homoio- 
transplantation  of  the  Uterus  in  the  Guinea-Pig,  J.  Med.  Research  38:11  (March) 
1918. 

3.  Loeb,  Leo:  The  Production  of  Deciduoniata,  J.  A.  M.  A.  50:1897  (June  6) 
\9(». 
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formed  and  that  repeated  pregnancies  in  an  organism  harboring  ectopic 
growths  of  endometrial  origin  might  cause  a  summation  of  growth 
stimuH  with  ultimately  a  malignant  inetamorphosis. 

In  Rabbit  2  the  transplantation  into  the  right  ovary  of  endometrial 
tissue  resulted  in  the  formation  of  two  macroscopic  cysts  lined  with 
ciliated  epithelium.  About  these  cysts  was  a  condensation  of  collagen 
fibroblasts  and  smooth  muscle  fibers.  A  small  amount  of  recent  hemor- 
rhage had  occurred  into  the  lumen  and  there  was  some  phagocytosis  of 
hemosiderin.  In  the  ovarian  stroma  were  .several  large  deposits  of 
hemosiderin.  It  is  possible,  although  doubtful,  that  this  is  an  indication 
of  menstrual  reaction.  The  rabbit,  however,  is  not  the  proper  animal 
for  the  study  of  the  effect  of  menstruation  on  these  cysts.  The  monkey 
offers  more  favorable  circumstances  for  observations  involving  this 
phenomenon. 

Polypoid  ingrowths  of  the  lining  epithelium  were  present  in  each 
cyst.  W'ith  the  exception  of  the  difference  in  size,  these  cysts  have 
much  the  same  .structure  as  the  larger  "ovarian"  cystadenoma  of 
women.  .A  sudden  hemorrhage  into  one  of  the.se  cysts  might  cause  its 
rupture,  with  the  liberation  of  epithelial  cells  and  blood  into  the  pelvic 
cavity,  and  it  would  be  surj)rising,  indeed,  in  the  light  of  Sampson's 
clinical  and  pathologic  observations  on  jiatients  with  perforating  hemor- 
rhagic cysts  of  the  ovary,  if  implantations  did  not  result. 

CONCLUSIONS 

It  has  been  demonstrated  in  this  series  of  experiiuents  that  endome- 
trial tissue  transplanted  into  the  ovary  and  pelvic  fat  of  the  same  animal 
will  grow  for  as  long  as  seventy  days  and  probably  much  longer. 
Adenoma-like  growths  and  multilocular  cysts,  which,  histologically, 
show  much  similarity  to  "ovarian"  cyst-adenomas  of  women,  are  pro- 
duced. Under  the  influence  of  pregnancy,  a  more  rapid  epithelial 
growth  occurs,  with  the  production  of  a  papillary  "cyst-adenoma" 
which  has  some  of  the  characteristics  of  a  malignant  growth.  All  of 
these  observations  are  in  agreement  w'ifh  Sampson's  explanation  of 
adenomas  of  endometrial  type  which  are  found  in  the  ovary,  in  the 
culdesac.  adherent  to  and  invading  the  appendix,  intestine,  rectum, 
oviduct  and  uterus,  and  which  apparently  arise  from  ectopic  epithelium 
discharged  into  the  pelvis  through  the  fimbriated  end  of  the  oviduct, 
this  epithelium  coming  either  from  the  uterus  or  the  oviduct  or  from 
both.* 

4.  Sampson.  J.  A.:  Ovarian  Hematomas  of  Endometrial  Type  (Perforating 
Hemorrhagic  Cysts  of  the  Ovary)  and  Implantation  Adenomas  of  Endo- 
metrial Type.  Boston  M.  &  .S.  J.  186:44.S  ( .^priI  6)    1922. 
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It  is  difiicult  to  tleline  a  tumor,  and  if  these  gnnvtlis  in  the  rabhit 
cannot  be  so  classitied,  they  might  constitute  a  phase  between  tumor  and 
nontumor.  If  further  researches  confirm  the  findings  in  this  small 
series  of  animals,  it  would  seem  that  Ribbert's  hypothesis  will  have 
been  given  a  sort  of  half  demonstration,  namely,  that  simple  misplace- 
ment of  mature  endometrial  epithelial  cells  is  conducive  to  their 
neoplasmic  transformation. 

An  incision  through  the  entire  thickness  of  the  wall  of  a  cornual 
segment  containing  a  fetus  is  sufficient  to  cause  the  escape  of  mucosal 
epithelium  from  the  cornu  into  the  pelvis  and  from  these  ectopic 
epithelial  cells  implantation  "adenomas"  develop. 

There  seems  a  strong  likelihood  that  the  origin  of  pseudomucinous 
cyst-adenomas  and  papillary  cyst-adenomas  will  be  explainable  on  the 
basis  of  their  arising  from  ectopic  endometrial  tissue.  Also  that  preg- 
nancy may,  perhaps,  exert  an  influence  on  these  growths  in  the  direction 
of  malignant  degeneration. 


DIRECT     TRANSFUSION     OF     BLOOD 

RKI'OKT     OF     CASES  * 
J.     SHELTON     HOKSI.F.V.     M.D.;     WARRKX     T.     \AUGHAN,     M.D, 

AND 

A.     I.     DODSOX,     M.D. 

HUH  MOM).    V.\. 

The  ease  willi  which  hlood  transfusion  hy  the  citrate  method  may 
be  carried  out  has,  during  the  last  ten  years,  re.sulted  in  its  use,  almo.st 
to  the  excUision  of  direct  methods.  It  has  popularized  transfusion  in 
various  disea.ses,  and  has,  without  doubt,  in  the  aggregate  been  most 
beneficial.  More  patients  requiring  transfusion  have  been  transfused 
than  before  the  development  of  the  indirect  method,  and  there  can  be  no 
question  that  a  large  number  of  lives  have  been  saved  by  its  employ- 
ment. The  general  statistical  results  are  good.  It  is  in  a  consideration 
of  the  results  in  individual  cases  that  certain  dangers  in  citrate  trans- 
fusion become  a])parcnt. 

RKACTIONS     FOLLOVVIXd     (ITK  A  I  i:     TRANSFUSION 

Considerable  literature  has  accumuLitcd  during  the  last  few  months 
concerning  the  types  of  reaction  following  citrate  transfusion,  and  the 
causes  therefor.  P.  W.  Clough  and  M.  C.  Clough  '  have  given  an 
excellent  summary  of  the  three  types  of  reaction :  the  first,  occurring 
in  persons  apparently  of  homologous  blood  groups,  and  in  whom  the 
reaction  must  perforce  be  due  to  some  alteration  of  the  blood  during 
the  process  of  transfusion ;  the  second,  or  .so-called  hemolytic  reaction 
following  the  use  of  incom])atible  blood,  and  the  third,  occurring  in 
persons  who  have  received  many  transfusions  and  in  whom  there  has 
ajfparently  developed  some  alteration  that  renders  them  sensitized 
.igainst  the  blood  of  the  donor. 

With  the  two  latter  types  of  reaction  we  are  not  immediately  con- 
cerned. The  third  tyi)e  may  occur  either  after  a  direct  or  indirect  trans- 
fusion, and  the  second  can  usually  be  avoided  by  appropriate  methods  of 
matching.  It  has  been  found,  however,  that  much  more  careful  match- 
ing is  necessary  than  has  hitherto  been  employed.  Both  direct  matching 
and  blood  grouping  should  be  done,  and  examination  for  agglutinative 
phenomena  should  be  made,  covering  a  period  of  many  hours  instead 
of  the  one  hour  generally  allowed. 


*  From    the    surgical,    merlical    and    urologic    services    of    St.    Elizabeth's 
Hospital. 

1.  Clough,  P.  W..  and  Clough.  M.  C. :    Southern  M.  J.  14:104  (Feb.)    1921. 
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Numerous  explanations  for  the  first  type  of  reaction  have  heen 
offered.  After  eHminating  variations  or  errors  in  technic  by  the  use 
of  freshly  distilled  water,  chemically  pure  reagents,  aged  or  specially 
treated  rubber  tubing,  constant  temperature,  and  a  minimum  time,  reac- 
tions of  this  type  still  occur,  and,  as  has  been  stated,  appear  to  be  due 
to  some  alteration  in  the  blood  itself,  dependent  on  its  treatment. 

Drinker  and  Brittingham  -  have  demonstrated  changes  in  the  blood 
platelets  coincident  with  early  coagulation.     Many  of  them  are  partially 
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Chart  1.— Pulse  and  blood  pressure  curves  in  a  case  with  profuse  hemor- 
rhage from  the  left  kidney.  The  patient  was  in  shock  before  operation,  and 
transfusion  raised  the  blood  pressure  and  lowered  the  pulse.  During  operation, 
more  severe  shock  developed,  and  a  second  transfusion  was  given  with  satis- 
factory results  as  regards  pulse,  blood  pressure  and  general  condition.  The 
shaded  areas  denote  periods  of  transfusion.  The  second  transfusion  was  dis- 
continued because  of  reaction  in  the  donor  (compare  Chart  5).  The  symbols 
explained  under  this  chart  are  used  in  all  the  other  charts. 


2.  Drinker,  C.   K..   and   BrittinKham,   H.   H. 
Int.  Me<l.  23:1,«    (Feb.)    1919. 
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or  totally  destroyed  in  citrate  transfusion.  They  have  also  shown  that 
the  addition  of  sodium  citrate  in  the  amounts  used  in  transfusion 
increases  the  fragility  of  the  red  blood  cells,  and  the  tendency  to 
hemolysis. 

Unger -^  has  shown  that  the  addition  of  sodium  citrate  in  the  pro- 
portion used  in  transfusion  to  normal  blood  renders  it  anticomple- 
mentary in  the  Wassermann  reaction.  He  concludes,  in  a  brief  report 
of  his  experiments,  that  in  citrate  transfusion  blood  is  being  given  in 
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Chart  2. — Rapid  rise  in  systulic  ami  diastolic  blood  pressure,  with  diminu- 
tion of  the  pulse  rate  during  and  following  the  period  of  transfusion.  This  is 
the  type  of  curve  most  frequently  encountered. 


which  complement  has  been  diminished  in  two  ways:  first,  by  the 
production  of  an  anticomplementary  substance  which  inactivates  some 
of  the  available  complement,  and  second,  by  direct  partial  destruction 
of  the  normal  complement  in  the  serum.  He  believes  that  he  has  shown 
that  this  action  of  sodium  citrate  is  directed  in  part  at  least  against 
the  red  cells  themselves,  and  that  it  persists  even  after  the  hemoglobin 


3.  Unger.  L.  J.:    Deleterious   Kflfcct  of  Sodium  Citrate  Employed  in  Blood 
Transfusion.  J.  A.  M.  \.  ll:2\(fl   (Dec.  31)    1921. 
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has  been  removed  from  them.  He  has  also  demonstrated  a  diminution 
in  the  phagocytic  power  of  the  leukocytes  and  in  the  opsonic  power  of 
serum,  after  treatment  with  sodium  citrate. 

Henderson  and  Haggard  ■•  report  that  after  bleeding  a  dog  to  a 
point  previously  determined,  at  which  the  chances  for  recovery  or  fatal 
issue  are  about  ecjual,  the  injection  of  even  a  small  amount  of  sodium 


Chart   3. — Transfusion    administered   as   a   prophylactic   measure   liefore   the 
advent   of  actual   shock.     Good   resuhs   are  evident   chiefly   in  the   pulse  curve. 


citrate  into  the  veins  will  cause  almost  immediate  death.  This  fact  is 
surprising  when  contrasted  with  the  reports  of  other  observers  ^  regard- 
ing the  beneficial  action  of  sodium  citrate  injected  intravenously  in  the 
treatment  of  hemorrhage.  Further  work  will  probably  clarify  this 
problem. 


4.  Henderson,  Yandell,  and   Haggard,   H.  W. :    Hemorrhage  as  a  Fo 
Asphyxia,  J.  A.  M.  A.  78:697   (March   11)    1922. 

5.  Neuhof,  H.,  and  Hirshfeld,  S. :    New  York  M.  J.  113:95    (Jan.  IS)    1921 
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It  is  an  evident  fact,  therefore,  that  citrated  blood,  as  used  in  trans- 
fusion, is  a  changed  blood,  and  that  the  changes  so  far  studied  are  of 
a  deleterious  nature.  Citrate  transfusion  at  best  is  but  a  makeshift 
method.  There  has  never  been  any  question,  even  among  the  most 
ardent  advocates  of  the  indirect  method,  as  to  the  advantages  of  direct 
transfusion  when  practicable,  and  it  is  only  because  of  the  relative 
difficulty  and  inconvenience  of  performing  direct  transfusion  that  tiie 
indirect  method  has  attained  such  great  favor. 


i\;2o  f^.t^ 


j:50T?n. 


Chart  4. — Type  of  pulse  and  blood  pressure  curves  most  frequently  encoun- 
tered in  donors.  The  blood  pressure  remains  practically  unchanged.  The 
pulse,  which  is  moderately  accelerated  because  of  excitement  and  apprehension, 
later  falls  to  normal. 


RELATIVE    VALUE    OF    WHOLE     AND  CITRATED     BLOOD    TRANSFUSIONS 

If  the  employment  of  whole  unchanged  blood  could  be  made  as 
simple  as  the  use  of  citrated  blood,  there  is  no  doubt  that  the  former 
method  would  be  universally  employed.  As  has  been  emphasized  by 
Bernheim  "  and  others,  it  is  in  the  localities  where  there  is  no  expert 
trained  in  the  em])loyment  of  direct  transfusion  that  the  indirect  method 


6.  Bernheim,  B.  M. :    Whole  Blood  Transfusion  and  Citrated  Blood  Trans- 
fusion. Possible  Differentiation   of  Cases,  J.  A.   M.  A.  77:275    (July  23)    1921. 
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has,  and  will  have,  a  distinct  place  and  value ;  hut  when  direct  trans- 
fusion can  he  employed  equally  efficaciously,  we  helieve  that  it  should 
be  the  method  of  choice. 

The  outstanding  advantage  of  whole  blood  transfusion  ()\er  citrate 
transfusion  lies  in  the  decidedly  lessened  incidence  of  post-transfusion 
reactions  of  the  first  type  described  by  Clough  and  Clough.  By  the 
citrate  method  the  frequency  of  reactions  is  variously  estimated  from 
17  per  cent,  to  60  per  cent. — averaging  around  32  per  cent.  In  w^hole 
blood  transfusions,  Bernheim   found  reactions  to  be  present  in  5  per 


irn. 


apn. 


Chart   5. — "Vagus"  type  of  reaction  in  donor,  with  early  fall   of  pulse  rate 
and  blood  pressure. 


cent.,  Sloan  in  5  per  cent.,  and  Lewisohn  in  5  per  cent.  A  few 
observers  have  found  diiifering  results,  such,  for  instance,  as  those  of 
Ravdin  and  Glenn,'  who  found  about  equal  incidence  of  reactions 
following  both  citrate  and  whole  blood  transfusion.  However,  the 
w^eight  of  evidence  given  by  the  various  observers  who  have  had  wide 
experience  in  both  methods  umjuestionably  favors  the  incidence  of  a 
very  low  percentage  of  reactions  following  direct  transfusion,  and  a 
high  percentage  following  the  indirect  method. 


7.  Ravdin,  I.  .S.,  and  Glenn,  R. ;    Am.  J.  M.   So.  161:705    (May)    1921. 
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Disagreements  regarding  direct  transfusion  are,  to  some  extent,  at 
least,  to  be  accounted  for  by  differences  in  operative  technic.  Certain 
nietbods  of  so-called  direct  transfusion,  as,  for  exam])le,  by  the  use 
of  nuiltiple  syringes,  are  in  a  sense  indirect  methods.  There  are  grades 
of  directness,  and  it  has  been  our  experience  that  the  more  nearly  direct 
the  method,  the  less  liability  is  there  of  reaction  occurring. 

Our  experience  during  the  last  eighteen  months  has  been  mainly 
with  surgical  cises,  complicated  by  shock  or  hemorrhage,  or  both — 
cases  in  which  the  occurrence  of  a  reaction,  with  chill,  fever,  nausea, 


Chart  6. — Late  type  of   reaction   in  (loimr,   uitli   fall    in  blood   pressure   and 
increase  in  pulse  rate. 

vomiting,  and  so  fort'.i.  might  easily  be  the  deciding  factor  in  the 
balance  between  life  and  death ;  and  we  have,  therefore,  had  an  excellent 
opportunity  to  study  the  advantages  and  disadvantages  of  the  direct 
method  of  transfusion.  We  were  led  to  return  to  the  direct  method 
through  apprehension  that  the  occurrence  of  a  .severe  citrate  reaction 
might  sooner  or  later  result  in  an  unwelcome  fatal  issue.  We  had  had 
no  deaths  attributable  to  the  u.se  of  sodium  citrate  in  indirect  trans- 
fusion, but  had  witnessed  some  disquieting  reactions.  We  had  one 
death  with  symptoms  of  hemolysis  following  this  method,  though  the 
bloods  had  been  previously  matched.  A  certain  number  of  deaths  have 
been  described  in  the  literature. 
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The  characteristic  reaction  following  citrate  transfusion  usually 
commences  with  a  chill,  coming  on  from  one  to  two  hours  after  trans- 
fusion, and  followed  by  a  rise  of  temperature  of  from  2  to  6  degrees. 
The  maximum  fever  is  usually  reached  within  from  two  to  four  hours, 
and  the  return  to  normal  occurs  a  little  less  rapidly  than  the  develop- 
ment of  the  fever.  ( )ccasionally,  the  fever  may  persist  for  as  long  as 
three  days.  The  subjective  symptoms  consist  of  chilliness,  headache, 
general  discomfort,  and,  occasionally,  nausea  and  vomiting.  Both  the 
pulse  and  respiration  are  somewhat  accelerated.  As  a  rule,  recovery 
is  rajiid  and,  to  all  appearances,  complete.  There  is  no  way  in  which 
one  may  tell  in  what  case  one  may  expect  a  serious  reaction  with  a 
hisrh  fever  of  long  duration,  or  a  mild  reaction,  or  none  at  all. 


Chart  7. — Delayed  reaction  in  duncir  cuming  cm  two  and  one-lialf  lioiirs  after 
the  termination  of  transfusion,  and  due  chiefly  to  depletion. 


During  the  last  eighteen  months  we  have  performed  twenty-four 
direct  transfusions.  In  no  case  has  there  been  a  distinct  reaction  to 
the  transfusion.  (Jne  patient  (Case  6503),  whose  case  was  diagnosed 
metrorrhagia,  hypertrophy  of  the  uterus,  sclerosis  of  the  uterine  vessels 
and  cyst  of  the  right  ovary,  had  been  bleeding  profusely  over  a  long 
period  of  time,  so  that  the  hemoglobin  had  fallen  to  44  per  cent.,  red 
count  to  1,904,000.  A  hysterectomy  was  performed,  with  the  removal 
of  a  cystic  ovary.  Immediately  after  the  operation  she  was  transfused 
by  the  direct  method  (Chart  3).  The  patient  belonged  to  Group  II, 
and  the  donor  t()  (iroup  I\'.  Following  transfusion  she  comjilained 
of  a  low-grade  pain  in  the  back  and  abdomen,  and  for  several  days 
thereafter  she  had  mild  diffuse  joint  pains.  She  vomited  only  once 
after  the  general  anesthetic  and  transfusion.  Two  or  three  days  after 
the  operation,  .she  develojied  herpes  on  the  lower  lip.     'i"he  temperature 
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after  operation  at  no  time  rose  above  what  it  had  been  during  the 
preceding  three  days  (102  F),  and  there  was  no  respiratory  distress  and 
no  hematuria.  The  backache  frequently  occurs  after  hysterectomy, 
and  the  ])atient  had  given  a  ])revious  history  of  recurrent  general  joint 
pains.  Thus,  even  though  the  donor  and  recipient  were  of  different 
blood  groups,  one  is  scarcely  justified  in  calling  this  case  a  definite 
transfusion  reaction. 

This  ca.se  is  reported  in  some  detail  because  it  comes  nearest  to 
being  a  case  of  transfusion  reaction  of  all  of  our  twenty-four  cases. 

Most  of  the  transfusions  have  been  performed  on  patients  at  the 
time  of  operation,  and  the  presence  of  a  low-grade  febrile  reaction 
cannot  be  taken  as  evidence  of  transfusion  reaction,  unless  accompanied 
by  other  distinctive  signs.  In  none  has  chill  occurred,  and  in  none  has 
there  been  any  nausea,  vomiting,  respiratory  distress,  urticaria,  or 
other  symptom  than  that  usually  found  in  similar  postoperative  cases. 
It  is  customary,  in  discussing  transfusion,  not  to  consider  an  increase 
of  1  or  2  degrees  of  temperature,  with  entire  absence  of  other  ni.ini- 
festations,  as  evidence  of  reaction.' 

TKCHNIC     OK     DIRECT     TRANSFUSION 

The  method  of  transfusion  used  in  the  twenty-four  cases  we  report 
is  the  direct  method  by  the  cannula.  The  cannula  used  is  the  one  devised 
by  Bernheim,  and  is  made  of  silver.  It  consists  of  two  jiarts,  a  male 
and  a  female  part,  one  fitting  accurately  into  the  other.  The  ends  of 
each  half  terminate  obH(|uely.  to  facilitate  inserting  them  into  the 
vessels.  The  end  of  the  male  half  is  for  the  donor's  artery,  and  is 
slightly  smaller  than  the  end  of  the  female  half,  which  is  for  the 
reci])ient's  vein.  The  two  halves  are  disconnected  and  Ixiiled  in  a  good 
mineral  oil. 

The  region  over  the  lower  end  of  the  left  radial  artery  of  the  domir 
is  well  infiltrated  with  0.5  per  cent,  procain  .solution,  to  each  ounce  of 
wiiich  about  2  drops  of  from  1  to  1,000  solution  of  epinephrin  has  been 
added.  After  about  three  minutes,  an  incision  ly.^  inches  (3.8  cm.)  long 
is  made  over  the  radial  artery,  and  the  artery  is  carefully  dissected  out. 
Care  is  taken  to  clamp  every  bleeding  ]x>int  with  mosquito  forceps. 
About  three- fourths  inch  ( 19  mm.)  of  the  artery  is  exposed.  After  first 
exposing  the  artery,  the  dissection  may  be  more  quickly  completed 
bluntly  by  spreading  clo.sed  scissors.  Mosquito  forceps  are  usetl  to  catch 
about  one  third  of  the  lumen  of  the  artery  near  its  lower  end,  and  a  fine 
catgut  ligature  is  jjassed  beneath  the  artery  and  tied,  while  gentle  trac- 
tion is  made  upward  and  toward  the  Ixidy  with  mosquito  forceps.  In 
this  way  the  ligature  is  placed  at  the  extreme  distal  end  of  the  exposed 
arterj-.  .All  bleeding  ])oints  are  tied  with  fine  silk  or  fine  catgut.  .\ 
serrefine  is  placed  on  tiie  artery  at  the  upper  end.  leaving  a  little  more 
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tlian  a  half  inch  (1.2  cm.)  of  the  artery  between  the  ligature  and  the 
serrefine.  The  mosquito  forceps,  which  still  grasp  the  artery,  are 
lifted  up,  and  an  oblique  incision  is  made  into  the  artery  about  one- 
third  or  one-half  through  its  caliber.  Through  this  incision,  the  male 
half  of  the  cannula,  which  has  been  boiled  in  mineral  oil,  is  passed. 
If  there  is  any  difficulty  about  introducing  it,  closed  mosquito  forceps 
can  be  inserted  to  dilate  the  artery.  After  inserting  the  cannula,  it 
is  tied  snugly  with  a  small  linen  ligature. 

The  wound  is  covered  with  moist  gauze,  and  the  female  half  is 
inserted  into  a  vein  of  the  patient  in  a  similar  manner.  It  is  advisable 
to  use  a  vein  that  is  sufficiently  large,  but  not  necessarily  the  large 
veins  at  the  flexure  of  the  elbow,  as  the  scar  here  niav  later  cause 
inconvenience. 

The  male  half  of  the  cannula  may  be  inserted,  with  the  donor  in  the 
operating  room,  and  he  may  be  permitted  to  walk  to  the  patient's  room 
and  recline  in  an  easy  chair  while  the  two  halves  of  the  cannula  are 
connected.  Just  before  connecting  the  cannula,  a  small  spurt  of  blood 
from  the  radial  artery  is  allowed  to  flow  in  order  to  expel  the  air. 
The  female  half  may  be  filled  with  salt  solution  for  the  same  purpose. 
The  two  halves  of  the  cannula  are  then  quickly  united,  both  serrefines 
are  removed,  and  the  current  of  arterial  blood  is  turned  on.  The 
pulsation  can  be  felt,  and  usually  can  be  seen,  in  the  vein.  If  there  is 
a  tendency  to  clot,  the  serrefine  is  replaced  on  the  artery,  and  the 
two  halves  of  the  cannula  are  disconnected.  A  clot  may  be  removed 
by  applying  suction  from  a  syringe  fitted  with  a  small  rubber  tube, 
such  as  a  piece  of  a  small  catheter.  If  this  does  not  succeed,  a  silver 
probe  is  introduced  into  the  cannula  at  either  end,  and  the  serrefine 
on  the  artery  is  removed  until  the  blood  flows  freely.  Occasionally, 
clotting  occurs  very  rapidly,  so  it  is  well  to  have  two  cannulas  ready, 
that  a  new  one  may  be  inserted  if  the  first  one  clots  too  frequently. 
Usually  a  strong  flow  is  obtained,  which  will  last  for  ten  or  fifteen 
minutes  without  interruption.  ( )ccasionally,  it  is  necessary  to  dis- 
connect the  cannula  and  clean  it  out. 

It  is  important  to  see  that  the  cannula  is  clean,  that  it  is  coated 
with  oil,  and  that  no  blood  is  permitted  to  come  in  contact  with  its 
interior  until  immediately  before  the  two  halves  are  connected. 

The  linen  ligature  should  be  retiioved  before  closing  the  wound, 
otherwise  it  may  cause  trouble  later.  The  vessel  is  ligated  with  fine 
plain  catgut,  and  the  wound  closed  in  the  usual  way. 

It  is  true  that  in  the  direct  cannula  method  we  do  not  know  the 
amount  of  blood  transfused.  This  is  a  valid  criticism  of  the  method ; 
but  we  would  point  out  that  the  important  element  in  transfusion  is 
not  the  administration  of  .^00  c.c.  or  1,000  c.c,  or  any  stated  amoimt 
f)t    blood,  but   the  infusion  of  sufficient  blood  to  produce  the  desired 
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therapeutic  effects.  In  the  administration  of  ether,  or  any  drug,  the 
object  is  not  to  give  a  definite  amount,  but  to  obtain  a  therapeutic  effect. 
It  is  vcrv  imjKirtant  when  using  this  method  that  the  condition  of 
hotli  the  recipient  and  the  donor  be  followed :  first,  to  ascertain  when 
a  sufficient  amount  of  blood  has  been  transfused,  and  second,  to  prevent 
excessive  depletion  of  the  donor.  \\'e  have  had  no  trouble  in  any  of 
the  transfusions  with  regard  to  the  second  factor.  The  routine  fol- 
lowed at  St.  Elizabeth's  consists  in  recording  at  two  and  one-half  or 
five  minute  intervals  the  systolic  and  diastolic  blood  pressure  and  pubse 
rate  of  both  donor  and  recipient,  together  with  close  observation  of 
the  general  condition  and  subjective  symptoms  in  both  persons.  It  has 
been  our  exjierience  in  several  cases  of  shock  immediate!)'  following 
operation  that  the  systolic  blood  pressure  will  fall  to  as  low  as  80  or 
70  mm.,  and  the  subsequent  rise  following  transfusion  is  rapid  and 
satisfactory,  as  indicated  by  the  accompanying  blood  pressure  curves 
for  the  recipients  (Charts  1  and  2).  We  have  found  that  from  fifteen 
to  eighteen  minutes  of  transfusion  is  sufficient  for  therapeutic  results, 
and  does  not  cause  too  much  depletion  of  the  donor.  A  great  deal 
depends,  however,  on  the  size  of  the  vein  used  in  the  recipient,  on 
the  size  of  the  artery  and  on  the  blood  pressure  of  the  donor.  The 
process  must  be  carefullv  watched  to  prevent  the  transfer  of  ton  large 
an  amount  of  blood. 

Ri:.\CTI().\     OF     DONOR     TC     TRANSFUSION" 

The  blood  pressure  curves  in  the  donor  show  as  interesting  changes 
as  do  those  of  the  recipient.  We  have  found,  in  general,  four  types 
of  curves,  as  illustrated  by  Charts  4  to  7.  In  the  first  tyi)e,  which  com- 
pri.ses  the  great  majority  of  ca.scs,  there  is  no  change  in  blood  pressure 
throughout  the  transfusion,  or  after  its  completion.  In  the  second  type, 
the  blood  pressure  of  the  donor  may  fall  rapidly  at,  or  near,  the  onset 
of  transfusion  to  as  low  as  80,  systolic,  or  40,  diastolic.  The  fall  is 
rapid  over  a  period  of  five  or  ten  minutes,  and  is  accompanied  by  a 
slowing  of  the  pulse  of  as  much  as  thirty-five  beats  per  minute,  with 
the  development  of  a  sudden  intense  greenish  j)allor.  In  this  type  of 
case  we  have  terminated  the  transfusion  temjiorarily  until  the  blood 
pressure  has  returned  to  about  normal,  after  which  the  transfusion  may 
usually  be  continued  for  the  customary  length  of  time  without  further 
subjective  change,  or  change  in  the  blood  pressure  or  pulse  rate.  This 
appears  to  be  a  vagus  type  of  reaction. 

.■\  somewhat  analogous  type  of  reaction  consists  of  a  fall,  occurring 
toward  the  end  of  transfusion,  or  immediately  after  the  transfusion 
has  been  terminated.  In  one  case  the  systolic  pressure  fell  to  .S4,  and 
the  diastolic  could  not  be  obtained.  One  di.stinct  point  of  difference 
i*;  that  in  this  tyjie  the  pulse  rate  rises.     The  subjective  symptoms  are 
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similar,  and  tiiere  may  be  nausea  and  vomiting.  Lowering  of  the 
head  and  the  administration  of  aromatic  spirit  of  ammonia  will  usually 
he  sufficient  to  produce  a  rapid  amelioration  of  symptoms,  and  the  blood 
])ressure  again  rises  to  normal,  while  the  pulse  rate  falls.  It  may  take 
as  long  as  forty  minutes  before  normal  equilibrium  is  restored.  This 
reaction  appears  to  be  due  more  to  a  loss  of  blood  than  to  psychic 
factors,  and  is  a  danger  signal  calling  for  inmiediate  termination  of 
the  transfusion. 

Another  type  of  reaction  in  the  donor  has  been  observed.  Thus,  in 
Chart  7,  the  donor  at  the  onset  of  transfusion  had  a  systolic  blood 
I)ressure  of  140,  diastolic  80.  This  fell  during  transfusion  to  systolic 
125,  and  diastolic  80,  and  for  one  hour  after  transfusion  the  pressure 
remained  constantly  120  systolic,  diastolic  80.  It  was  not  until  two  and 
one-half  hours  after  the  termination  of  transfusion,  when  the  donor  was 
allowed  to  sit  up  in  a  chair,  that  he  began  to  feel  faint.  The  skin  became 
pale,  cold  and  clammy,  with  a  slightly  greenish  tint,  and  the  patient  lost 
consciousness.  The  blood  pressure  at  that  time  was  96  systolic,  and 
60  diastolic.  He  was  placed  in  bed,  the  foot  of  which  was  elevated. 
The  systolic  blood  pressure  remained  below  100  for  more  than  one-half 
hour,  but  gradually  increased,  and  at  the  end  of  two  and  one-half  hours 
it  was  110  systolic,  70  diastolic.  The  patient  was  allowed  to  get  up, 
returned  home,  and  had  no  subsequent  symptoms. 

Cases  with  the  last  three  types  of  reaction  are  infrequent.  The 
first  type  of  curve  is  that  usually  encountered.  The  factors  influencing 
the  type  of  reaction  in  the  donor  appear  to  be:  ( 1 )  the  amount  of  blood 
withdrawn;  (2)  psychic  influences;  (3)  vasomotor  instability;  (4)  the 
rapidity  with  which  fluid  depletion  can  be  re])laced  by  the  administration 
of  fluids  by  mouth,  and  (3)  the  time  at  which  the  donor  is  allowed 
to  get  up. 

ILLUSTRATIVE     SEVERE     CASES 

Case  3846  was  that  of  a  man,  75  years  of  age,  who  was  operated  on 
for  cancer  of  the  prostate.  .After  a  preliminary  suprapubic  drainage,  a 
suprapubic  prostatectomy  was  performed.  Immediately  after  op>era- 
tion  the  temperature  was  normal,  the  pulse  90,  and  the  respiration  22. 
Two  hours  later  the  patient  began  to  bleed  profusely  from  the  site  of 
operation.  The  condition  rapidly  became  critical.  The  pulse  increased 
to  160,  respiration  24,  and  the  blood  pressure  fell  to  73  systolic, 
diastolic  not  obtainable.  He  was  transfused,  and  the  blood  pressure 
steadily  increased  until  at  the  end  of  fifteen  minutes  of  transfusion  the 
systolic  pressure  was  115,  diastolic  85.  The  pulse  fell  to  120.  There 
was  some  bleeding  for  a  short  time  only,  following  the  transfusion. 
The  patient  made  an  uneventful   recovery,  and  is  now  symptom-free. 
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eleven  months  after  the  operation.  If  in  this  case  there  had  been  a 
transfusion  reaction,  there  can  be  little  doubt  that  the  patient  would 
have  died. 

Another  patient  (Case  6112)  was  admitted  with  bleeding  from  the 
left  kidney.  Fifteen  days  after  a  nephrotomy,  the  patient  began  to 
bleed  in  very  large  amounts  through  the  wound,  and  it  was  found 
necessary  to  perform  a  nephrectomy.  Before  operation,  the  hemo- 
globin was  55  per  cent. ;  red  count,  2,844,000.  The  patient  was  first 
transfused  for  thirteen  minutes  before  operation  (Chart  1).  The  pulse 
was  135,  systolic  blood  pressure  98,  diastolic  40.  At  the  end  of  trans- 
fusion, the  pulse  had  fallen  to  122,  and  the  blood  pressure  had  increased 
to  1 10  .systolic,  60  diastolic.  A  rapid  nephrectomy  was  performed, 
toward  the  end  of  which  hypodermoclysis  was  started.  A  half  hour 
after  completion  of  the  operation,  the  systolic  blood  pressure  was  60, 
diastolic  35,  and  pulse  180.  He  was  transfused  a  second  time  from  a 
second  donor,  for  eighteen  minutes,  after  which  the  pulse  fell  to  135, 
and  the  blood  pressure  rose  to  80  systolic,  and  45  diastolic.  Hypo- 
dermoclysis and  supportive  therapy  were  continued  in  this  case,  and  the 
patient  made  an  uneventful  recovery.  Here,  too,  a  typical  citrate 
reaction  might  have  proved  fatal. 

CONCLUSION 

We  wish  to  emphasize  the  fact  that  in  indirect  transfusion,  and 
particularly  in  citrate  transfusion,  there  are  chemical  and  biologic 
changes  in  the  blood,  and  it  seems  probable  that  the  reactions  which 
often  follow  this  method  of  transfusion  are  due  to  these  changes.  These 
reactions  are  sometimes  very  severe,  and  occasionally  cause  death.  In 
the  series  of  twenty-four  cases  of  direct  transfusion,  which  comprise 
all  of  the  transfusions  we  have  performed  during  the  last  eighteen 
months,  there  has  been  no  reaction. 
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I.     INTRODUCTION 

In  1918  one  of  its  found  that,  after  removing  a  tumor  of  the  ulnar 
rrtrve,  there  was  such  a  large  gap  that  it  was  impossible  even  by  trans- 
planting the  nerve  into  a  new  bed  and  flexing  the  arm  to  get  the  two 
ends  together.  He,  therefore,  implanted  the  central  and  peripheral 
ends  into  longitudinal  slits  in  the  median  nerve  with  the  idea  of  using 
the  nerve  as  a  bridge.     The  nerve  regenerated  perfectly. 

The  research  herewith  reported  was  undertaken  to  determine  the 
best  method  of  repairing  an  injured  peripheral  nerve  when  an  end-to- 
end  suture  was  not  possible.  The  advantage  of  a  cable  autotransplant 
as  comjjared  with  a  homotransplant   or  heterotransplant  has  been  so 
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completely  worked  out  by  Huber  '  and  his  co-workers  that  we  saw  no 
purpose  in  repeating  their  work.  We  saw  certain  possible  objections, 
however,  to  this  method  which  prompted  us  to  investigate  other 
methods  for  bridging  defects  in  peripheral  nerves.  Our  experiments 
have  been  carried  on  over  a  period  of  two  years.  The  cases  were 
studied   both  anatomically  and   physiologically. 

W'e  will  not  di.scuss  the  literature  on  this  subject.  The  most 
important  work  bearing  on  this  subject  has  been  done  by  Huber,-  Howell 
and  Huber,''  Joyce.''  Kilvington,^  Osborne  and  Kilvington,"  Kirk  and 
Lewis.'  Langley  and  1  fashimotto.'*  Ranson,"  Spiller,  Frazier  and  \'an 
Kaathdven.'"  and  \'<in  I  lofmeister." 

II.     .METHODS     USED     IX     THIS     RESEARCH 

1.  Tccliiiic. — Dogs  were  used  for  all  the  experiments.  The  animals 
were  always  operated  on  under  genera]  anesthesia.  In  each  case  the 
sciatic  nerve  and  its  branches  were  used.  Care  was  taken  to  have  a 
bloodless  field,  to  handle  the  nerves  as  little  as  possible  and  then  only 
by  the  perineural  sheath.  The  nerves  were  cut  with  a  razor  blade 
and  handled  with  fine  mouse  tooth  forceps.  The  sutures  throughout 
were  of  silk,  either  blood  vessel  silk  or  one  strand  of  split  No.  A  silk, 
threaded  on  a  No.  10  cambric  needle.  The  sutures  were  passed  only 
thrf)ugh  the  perineural  sheath.    Bleeding  from  the  cut  end  of  the  nerve 


I.  Huber.  G.  C. :  Repair  of  Peripheral  Nerve  Injuries.  Surg..  Gvnec.  &  Olist. 
30:464  (May)  1920. 

2.- Huber.  G.  C. :  A  Study  of  the  Operative  Treatment  for  Loss  of  Nerve 
Substance  in  Peripheral  Nerves.  J.  Morphol.  11:630-7,33,  1895. 

3.  Howell  and  liuber:  .\  Physiological,  Histological  and  Clinical  Study  of 
the  Degeneration  and  Regeneration  in  Peripheral  Nerve  Fibers  After  Severance 
of  Their  Connection  with  the  Nerve  Centers.  J.  Physiol.  13:3.35,  1892;  ibid. 
14:1.  1893. 

4.  Joyce.  J.  L. :  .\  Study  of  a  Series  of  Peripheral  .Verve  Injuries  frorr» 
a  Surgical  .Aspect,  Brit.  J.  Surg.  6:418  (Jan.)    1919. 

5.  Kilvington.  R. :  .'\n  Investigation  on  the  Regeneration  of  .Nerves,  Brit. 
M.  J.  1:935  (.April)   1905. 

6.  Osborne  and  Kilvington  :  Central  Nervous  Response  to  Peripheral  Nervous 
Di.stortion.  Brain  33:289,  1911. 

7.  Kirk.  E.  G..  and  Lewis,  Dean  :  Regeneration  in  Peripheral  Nerves,  Bull. 
Johns  Hopkins  Hosp.  28:71   (Feb.)   1917. 

8.  Langley  and  Hashimotto:  On  the  Suture  of  Separate  Nerve  Bundles  in 
a  .Nerve  Trunk  and  on  Internal  Nerve  Plexuses.  J.  Physiol.  51:318.  191". 

9.  Ranson,  S.  W. :  Degeneration  and  Regeneration  of  Nerve  Fibers,  J.  Comp. 
Neurol.  22:487.  1912. 

10.  Spiller.  W.  G. :  Frazier,  C.  H.,  and  Van  Kaathoven,  J.  J.  .\.:  Nerve 
Transplantation  in  Treatment  of  Cerebral,  Spinal  and  Peripheral  Nerve  Palsies, 
Am.  J.  .Med.  .Sc.  131:430.  1906. 

II.  Von  Mofmcister:  Ueber  doppelte  und  niehrfache  Nervcnpfropfung. 
Beitr.  z.  klin.  Chir.  96:329,  1915. 


316  ARCHirES     OF    SURGERY 

was  ciintrolled  either  l)y  cotton  pledgets  soaked  in  warm  saline  or  by 
the  injection  of  warm  saline  into  the  nerve.  Nerve  tissue  was  always 
approximated  to  nerve  tissue,  and  all  foreign  material  as  far  as  possible 
was  kept  out  of  the  path  of  the  regenerating  fibers. 

In  many  experiments  absolute  alcohol  was  injected  into  the  end  of 
the  nerve  to  determine  its  efifect  on  the  various  types  of  repair  and 
neuroma  formation. 

2.  Methods  of  Repair. — A  number  of  different  methods  were  tried, 
such  as  tubes  of  foreign  bodies  and  of  fascia,  but  all  were  discarded 
except  the  three  following : 

{a)  Anastomosis  of  the  central  and  peripheral  ends  of  an  injured 
neri'e  into  longitudinal  ineisions  in  a  norma!  )ierve.     These  longitudinal 


Fig.  1. — Anastomosis  of  tlie  central  and  peripheral  ends  of  an  injnred  nerve 
into  longitudinal  incisions  in  a  normal   nerve. 

incisions  were  each  about  6  mm.  long  and  as  nearly  as  p<_)ssib!e  in  the 
same  quadrant  of  the  nerve.  When  the  nerve  to  be  implanted  had 
a  neuroma  on  its  end  from  a  previous  operation,  it  was  cut  back  until 
normal  looking  axis  cylinders  were  exposed.  The  ends  of  the  nerve 
were  then  sutured  into  the  longitudinal  slits  and  held  in  place  by  sutures 
passed  through  the  perineural  sheaths.  This  type  of  suture  is  illustrated 
in  Figure  1.  The  peroiieal  nerve  was  cut  and  sutured  into  the  t'bial 
nerve  in  each  case  (eighteen  experiments). 

(/))  Anastomosis  of  the  central  and  peripheral  ends  of  an  injured 
nerve  to  flaps  cut  in  the  same  quadrant  of  a  normal  nerz'e  (Fig.  2). 
The  peroneal  nerve  was  cut  and  sutured  to  flaps  in  the  tibial  nerve. 
Three  sutures  were  used  at  eacli  line  of  suture  (fifteen  experiments). 
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Fig.  2. — Anastomosis  of  the  central  and  peripheral  ends  of  an  injured  nerve 
to  flaps  cut  in  the  same  quadrant  of  a  normal  nerve. 


Fig.  3. — .Autotransplant  of  half  of  the  central  end  of  the  injured  nerve, 
the  removed  segment  being  just  long  enough  to  bridge  the  defect.  Portion  C 
is  completely  excised. 
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(c)  .lutolransplant  of  luilf  of  the  central  end  of  the  injured  nerve, 
lite  se(/inent  reiiioi'ed  be'uuj  just  long  cnoiii/h  to  bridge  the  defeet  (auto- 
;iUUitr;iii,s|)Iant  )  (Fig.  3).  From  three  Ut  four  sutures  were  used  at 
each  suture  Hne  (sixteen  experiments).  A  few  end-to-end  sutures  and 
a  few  cable  autotransplants  were  performed  as  controls. 

In  three  experiments  the  nerve  was  cut  and  allowed  to  fall  back 
into  its  former  bed  without  any  attempt  to  bring  the  ends  together.  In 
two  of  these  experiments  absolute  alcohol  was  injected  into  the  central 
end  to  test  its  influence  upon  neuroma  formation. 

3.  J'h\siologie  Tests. —  Following  the  operations  the  nerves  were 
exposed  at  varying  intervals,  ranging  from  three  days  to  five  months, 
and  tested  physiologically  to  determine  any  signs  of  regeneration.  The 
animals  were  always  anesthetized  for  these  tests.  The  tests  consisted 
of  stimulating  the  nerve  centrally  and  peripherally  to  the  point  of  repair 
with  small  platinum  electrodes  attached  to  a  faradic  coil.  .\  current 
just  strong  enough  (threshold  current)  to  cause  a  response  in  a  normal 
nerve  was  used.  The  nerve  during  the  stimulation  was  raised  from  its 
bed  so  that  it  was  separated  from  all  surrounding  tissues  to  avoid 
spread  of  the  current.  Two  responses  were  looked  for:  a  peripheral 
one  which  consisted  of  contractions  of  the  muscles,  and  a  central  one 
which  consisted  in  the  reflex  stimulation  of  respiration  recently  described 
by  one  of  us  (Malone).'-  In  the  accompanying  tables  these  two  types 
of  response  are  referred  to  as  peripheral  and  central  response. 

In  some  cases  each  muscular  branch  of  a  nerve  was  isolated  and 
muscular  contractions  were  noted  when  each  of  these  nerve  branches 
was  stimulated.  In  a  few  experiments,  chronomyometer  ''  tests  were 
a])plied  to  the  muscles  before  the  nerve  was  ex])osed. 

4.  Anatomic  Methods. —  l'"ollowing  the  physiologic  tests  the  animals 
were  killed  anfl  the  gross  appearance  of  the  nerve  noted.  The  nerve  was 
then  removed:  a  diagram  was  made  of  it;  it  was  stained  in  silver 
inridin  ■'  and  examined  niicroscoi)ically.  .^onie  of  the  specimens  were 
cut  from  5  to  10  microns  thick  in  cr(.)ss-section,  others  longitudinally. 
Every  fifth  section  was  nmunteil  so  that  nerve  fibers  could  be  traced 
systematically  and  these  series  of  slides  enabled  us  to  \isualize  the 
reconstructed  nerve.  .\  few  series  were  stained  with  Marchi,  cut 
longitudinall)'  and  studied  serially. 
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III.     RESULTS     WITH     13IFFERENT     TYPES     OF     REPAIR 

In  Tabic  1  are  summarized  the  results  of  the  eighteen  experiments  in 
which  the  two  ends  of  the  nerve  were  implanted  into  an  adjacent  nerve. 
The  results  in  this  type  of  experiment  may  be  considered  under  two 
headings,  physiologic  and  histologic. 

(  1 )  Physiologic. —  (a)  The  distance  from  the  point  of  anastomosis 
to  the  muscles  innervated  by  the  injured  nerve  was  from  10  to  14  cm. 
Regeneration  was  complete  as  indicated  by  the  muscular  response  in 
every  case  by  the  ninetieth  day.  This  would  make  the  average  rate  of 
regeneration  approximately  1  cm.  per  week.  Though  the  nerve  has  a 
normal  jihysiologic  response  at  the  end  of  ninety  days,  histologically, 
it  does  not  have  the  ai)pearance  of  a  nonnal  nerve.  The  clear  spaces 
alxjut  the  axis  cylinders  that  are  seen  in  a  normal  nerve  are  not  present: 
instead,  this  spac'e  appears  filled  by  a  pale  greenish  staining  homogene- 
ous mass  in  the  silver  pyridin  specimens.  We  presume  this  substance 
is  preformed  myelin. 

(b)  Complete  regeneration  occurred  irrespective  of  the  distance 
between  the  two  ends  of  the  implanted  nerve.  This  distance  varied 
from  1  to  6  cm.  When  the  distance  between  the  two  ends  was  from 
1  to  2  cm.,  regeneration  seemed  to  occur  a  week  or  two  sooner  than 
when  the  interval  was  from  5  to  6  cm.  The  explanation  for  this 
observation  is  not  perfectly  clear.  It  may  be  that  the  number  of  fibers 
growing  from  the  normal  nerve  into  the  implanted  nerve  are  not 
sufficient  to  give  an  early  reaction  or  it  may  be  that  the  fibers  growing 
from  the  central  end  of  the  injured  nerve  do  not  reach  the  peripheral 
end  so  soon.  The  latter  is  just  what  one  would  expect,  for  they  have 
from  3  to  4  cm.  farther  to  grow. 

(c)  Regeneration  occurs  almost  as  rapidly  in  cases  of  secondary 
sutures  performed  two  months  after  an  injury  as  in  those  performed 
immediately  after  an  injury. 

{d)  In  experiments  in  which  the  distance  between  the  central  and 
peripheral  ends  of  the  implanted  peroneal  nerve  was  but  from  1  to  2 
cm.  and  in  which  complete  regeneration  had  occurred,  stimulation  of 
the  central  end  of  the  peroneal  nerve  produced  good  contractions  of  the 
muscles  innervated  normally  by  the  peroneal  nerve  and  often  a  weak 
contraction  of  a  mu.sc]e  innervated  by  the  tibial  nerve.  The  longer  the 
gap,  however,  the  more  frequently  did  muscles  contract  which  were 
supplied  by  the  tibial  nerve,  in  addition  to  those  supplied  by  the  peroneal 
nerve.  This  indicated  clearly  that  some  peroneal  fibers  had  grown 
down  the  tibial  nerve  as  well  as  down  the  peroneal.  In  order  to  prove 
this  positively,  the  following  experiment  was  tried,  .\fter  complete 
physiologic  recovery  had  occurred  in  one  of  the  implants  of  the  peroneal 
nerve  into  the  tibial  nerve,  the  tibial  nerve  proximal  to  the  implantation 
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of  the  peroneal  nerve  was  cut.  After  eighteen  days,  tests  were  made  and 
it  was  found  that  the  peroneal  muscles  responded  actively  while  the 
muscles  supplied  by  the  tibial  nerve  also  responded,  but  weakly.  This 
physiologic  evidence  indicated  that  some  peroneal  fibers  had  grown 
down  the  tibial  nerve.     This  was  confirmed  histolotricallv  for  sections 


Fig.  4 — Longitudinal   section   of   peroneal    nerve    peripheral   to    implantation, 
showing  large  number  of  axis  cylinders. 


of  the  peroneal  nerve  showed  a  nearly  normal  number  of  axis  cylinders 
(Fig.  4),  while  the  tibial  nerve  showed  but  a  few  axis  cylinders  {  Fig.  5). 
(c)  Stimulation  of  the  tibial  nerve  central  to  the  peroneal  anasto- 
mosis produced  strong  contractions  of  the  tibial  group  of  muscles  and 
weak. contractions  of  the  peroneal  group.  From  this  and  the  foregoing 
observation,  it  is  apparent  that  fibers  grew  from  the  tibial  into  the 
perone.-il  and  vice  Versa. 
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111  order  t(j  demonstrate  tliat  complete  regeneration  had  occurred 
to  every  muscle,  the  \arious  branches  of  the  tibial  and  peroneal  nerves 
were  isolated  and  stimulated.  The  muscles  responded  just  as  vigorously, 
irrespective  of  the  origin  of  their  ner\e  supply. 

(/)  In  all  cases  in  which  a  muscle  contraction  occurred,  the 
respiratory  response  described  by  one  of  us  recently  (J.Y.M.)  was  also 
present.  This  respiratory  response  was  also  present  in  all  cases  in  which 
the  a.xis  cylinders  had  grown  through  the  nerve  block,  even  though 
the  fibers  had  not  yet  grown  down  to  the  muscles. 


Fig.  S. — Longitudinal  section  of  tibial  nerve  peripheral  to  anastomosis  show- 
ing very  few  a.xis  cylinders.  Figures  4  and  S  are  from  a  case  of  double 
implantation  of  peroneal  nerve  into  tibial  nerve ;  complete  regeneration  at  end 
of  five  months;  tibial  nerve  cut  central  to  anastomosis  eighteen  days  before 
specimen  removed;  all  tibcrs  in  Figures  4  and  5  that  did  not  degenerate  must 
have  had  their  origin  from  the  central  end  of  the  peroneal  nerve. 


2.  llisloloijic. — It  is  difficult  to  trace  funiculi  down  a  nerve;  but  this 
c;in  he  done  quite  satisfactorily  in  serial  sections.  The  difficulty  ari.ses 
from  the  fact  that  at  every  suture  line  the  fibers  form  whorls,  especially 
at  the  central  point  of  anastomosis.  We  have  found,  however,  that 
peroneal  fibers  grew  down  the  tibial  nerve  (Fig.  6)  ;  and  when  they 
reach  the  point   where  the  distal  end  of  the  peroneal  nerve  had  been 
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implanted,  some  fibers  grew  into  the  tibial  and  some  into  the  peroneal 
nerves.  By  the  study  of  osmic  acid  preparations,  it  was  possible  to 
trace  fibers  from  the  central  end  of  tiic  peroneal  nerve  through  the 
tibial  ner\e  out  into  the  peroneal  nerve.  The  longer  the  gap  between 
the  two  ends  of  the  peroneal  nerve,  the  more  do  tibial  fibers  grow  into 
the  peripheral  peroneal.  This  we  believe  is  explained  by  the  fact  that 
they  are  "the  first  on  the  ground,"  that  is,  they  originate  from  the 
injury  of  the  tibial  nerve  at  the  distal  implantation  of  the  peroneal  and 


Fig.  6. — Point   of  aiiastomo.sis   where  the  central   end   of   the   peroneal   ncrv 
(.4)  was  implanted  into  the  tibial  nerve  (B). 


have  filled  up  many  of  the  axis  cylinder  spaces  before  the  fibers  from 
the  central  peroneal  nerve  get  there. 

At  the  iK)int  of  suture,  axons  are  seen  passing  into  funiculi  and 
also  between  them.  There  are  far  more  axons  at  the  point  of  anastomosis 
than  in  the  normal  nerve  aliove  the  site  of  anastomosis,  and  grossly 
the  nerve  was  larger  at  these  points.  There  is  also  an  excess  of  fibers 
distal  to  the  anastoinosis  for  about  three  months  (Fig.  7)  ;  but  at  the 
end  of  five  months  (  Fig.  8).  the  number  of  fibers  had  been  reduced  to 
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alidut  imrmal.  This  (i\  crprcicluction  of  axons  merely  corroborates 
Usborne  and  Kilvington's  "^  and  Ranson's  "  observations  that  the  grow- 
ing point  of  an  axon  may  split  into  several  fibrillae,  but  evidently  the 
unused  fibrillae  degenerate  later. 

Results  After  Double  Anastomosis  to  Flaps  Cut  into  a  Normal 
Nerve. — In  this  series,  fifteen  experiments  were  performed  (Table  2). 
The  results  were  essentiallv  the  same  as  those  in  the  first  series  and  were 


Fig.  7. — Part  of  peroneal  nerve  distal  to  suture  showing  regeneration  of 
nerve  after  a  double  implantation  at  end  of  three  months,  and  the  e.xcess  of 
axis  cylinders  and  the  absence  of  medullary  sheaths.  .\X  this  stage  the  physiologic 
response  of  this  nerve  was  normal ;  magnification  saiue  as  in  Figures  8  and  9. 


about  as  good.  There  were  two  notable  diiTerences.  First  there  was 
more  bulb  formation  at  the  site  of  anastomosis  and  more  whirling  of 
axons,  but  not  enough  evidently  to  interfere  with  regeneration ;  and, 
secondly,  there  was  less  crossing  of  peroneal  fibers  into  tibial  and  tibial 
into  peroneal. 

Results  of  Autotransplant  of  a  Segment  of  Half  of  the  Central 
Portion  of  the  Injured  Nerve  into  the  Gap. — There  were  sixteen  experi- 
ments in  this  series  which  are  recorded  in  Table  o. 
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1.  Physiologic. —  (a)  As  judged  by  tlie  return  of  function,  complete 
regeneration  was  observed  about  as  rapidly  as  after  the  other  methods 
of  repair  (ninety  days). 

(b)  The  central  physiologic  response  was  always  present  by  the 
sixtieth  day  after  the  suture.  How  much  earlier  than  this  it  was  present 
we  were  unable  to  determine  in  this  series  as  none  of  the  nerves  were 
tested  physiologically  before  that  time,  except  three  and  ten  days  after 
repair,  when  it  had  not  yet  appeared. 


Fig.  8. — Cross-section  ot  tibial  nerve  distal  to  aiito-antotransplant  rive  months 
after  repair;  all  the  medullary  spaces  are  filled  with  axis  cylinders  but  there 
is  no  excess  of  axis  cylinders  as  in  Figure  7. 


(c)  Peripheral  response  when  it  did  appear  was  as  active  in  one 
branch  as  in  another,  showing  that  regeneration  was  occurring  through- 
out the  nerve. 

2.  Histologically. — .Axis  cylinders  grow  from  every  point  where  they 
have  been  cut;  but  most  f)f  the  fibers  that  gel  to  the  peripheral  portion 
r>f  the  nerve  grow  through  the  autotrans[)lant  from  those  axis  cylinders 
which  lie  in  direct  contact  with  the  transplant.  .Some  of  the  fibers  grow 
down  between  the  funiculi  of  the  autotransplant  and  reach  the  peripheral 
end  of  the  nerve.     Sf)me  fibers  were  observed  growing  from  the  central 
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end  of  the  nerve  from  which  the  autotransplant  had  been  removed. 
These  fibers  grow  alonsj-  the  nerve  as  well  as  the  transplant  and  reach 
the  peripheral  end  of  the  nerve;  hut  as  there  is  some  neuroma  forma- 
tion at  that  point,  many  of  the  axons  never  get  through.  Cross-sections 
were  taken  from  the  nerve  where  the  transplant  had  been  removed 
(Fig.  3/'),  from  the  transplant  c  and  both  were  compared  with  cross- 
sections  through  a  and  (/.  These  showed  that  the  nifmber  of  axis 
cylinders  in  the  transplant   was   far  greater  than   in  half  the  original 


Fig.  9. — Cross-section  of  peroneal  nerve  central  to  double  implantation  show- 
ing the  appearaince  of  a  normal  nerve  with  well  formed  medullary  spaces  and 
large  number  of  nonmedullated  fibers. 


nerve,  and,  though  not  actually  counted,  approximated  the  nutuber  of 
axis  cylinders  in  the  normal  nerve.  All  the  medullary  tubes  in  the 
peripheral  portion  of  the  nerve  after  complete  regeneration  has  taken 
place  are  completely  filled  with  axis  cylinders  (Fig.  8).  There  is  a 
marked  overproduction  of  axis  cylinders,  for  some  of  the  medullary 
tubes  contain  several  axis  cylinders,  and  in  some  cases  as  many  as  five. 
This  overproduction  is  striking  at  the  end  of  three  months ;  but  when 
such  nerves  are  studied  after  a  five  months'  period,  the  nerve  looks  nor- 
mal, and  evidently  the  surplus  number  of  axons  have  disappeared.    As 
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was  to  be  expected,  a  moderate  amount  of  neuroma  formation  was 
observed  both  at  the  jxjint  where  the  transplant  was  removed  and  also  at 
the  distal  suture  line.  A  most  interesting  finding  has  been  that  nerves, 
when  they  first  give  a  normal  physiologic  response  after  regeneration, 
histologically  do  not  look  normal  (Figs.  7  and  9).  The  clear  medullated 
sheaths  are  not  present ;  but  from  six  to  eight  weeks  after  that,  such  a 
nerve  looks  normal.  This  would  indicate  clearly  that  a  motor  nerve 
niav  functionate  before  it  has  regained  its  normal  histologic  appearance. 

IV.    DISCISSION    OF    Tlin;     .MERITS    OF    VARIOUS    TYPES    OF    OPERATION 
FOR     BRinr.ING     NERVE    DEFECTS 

Our  work  has  convinced  us  that  any  type  of  tissue  other  than  nerve 
tissue  used  to  bridge  a  nerve  defect  is,  as  a  rule,  unsatisfactory.  This 
is  nu'rch-  confirniatorv  of  what  other  observers  have  noted. 


T.^BLE  4. — Prim.^rv  End-to-Exd  Suture 


Pays 

Physiologic  Response 

Histologic 

Experi- 

Between 

Repair 

and 

No. 

Exami- 

Peripheral 

Central 

Macroscopic 

Microscopic 

nation 

33 

20 

Not  tested 

Not  tested 

Little   scarring  or 
biilb 

Regeneration  complete 
through  suture  line  and  fair 
2  cm.  distal 

93 

32 

Negative 

Pos.  2  cm. 

Little  .scarring  and 

Regeneration    partial    4   cm. 

distal     to 

small  bulb 

distal  to  suture  line 

suture  line 

89 

150 

Positive 

Not  tested 

Little  .soarrmc  and 
small  buJb 

Regeneration  complete 

69 

157 

Positive 

Negative 

Little  scarring  and 

Regeneration  complete  6  cm. 

(anesthetic 

small  bulb 

distal  (not  stuilicd  farther); 

deep) 

some  tendency  to  nenroma 
formation  at  suture  line 

73 

161 

Positive 

Positive 

Little  scarring  and 
small  bulb 

Regeneration  complete 

91 

2«. 

Positive 

Not  tested 

Little  scarring  and 
small  bulb 

Regeneration  complete,  some 
neuroma  formation  at  su- 
ture line 

The  tyi)e  of  repair  that  is  most  satisfactory  for  bridging  defects  so 
large  that  end-to-end  anastomosis  is  not  possible  is  the  implantation  of 
the  central  and  peripheral  ends  of  the  nerve  into  an  adjacent  healthy 
nerve.  Such  a  procedure  in  dogs  gave  a  very  satisfactory  result  and 
did  not  interfere  with  the  function  of  the  healthy  nerve.  When  the 
gap  was  2  cm.  or  less  many  fibers  from  the  central  end  grew  into  the 
peripheral  end  of  the  nerve.  The  larger  the  gap,  the  fewer  fibers  from 
the  central  end  grew  into  the  peripheral  end :  l)ut  some  could  always  be 
traced  into  the  peripheral  stump  and  also  into  the  normal  nerve.  As  the 
maximum  source  of  new  axis  cylinders  is  always  desirable,  this  pro- 
cedure should  always  be  followed  regardless  of  the  size  of  the  gap. 
There  are  two  conditions  in  which  the  double  implantation  method  is 
imjiracticable.     One  of  these  is  encountered  when  the  severed  nerve  is 
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larger  than  the  nerve  into  which  an  inii)lantation  could  he  made.  The 
other  condition  occurs  when  there  is  no  adjacent  nerve  availahlc.  In 
both  these  cases  the  method  of  auto-autotransplant  is  preferable. 

The  second  type  of  anastomosis  we  have  described  has  no  advantages 
over  the  foregoing,  either  as  to  rate  of  regeneration,  completeness  of 
recovery  or  central  fibers  ccmnecting  with  the  distal  end.  It  has  the 
great  disadvantage  that  much  more  injury  is  done  to  the  normal  nerve 
and  there  is  more  tendency  to  neuroma  formation. 

The  method  of  auto-autotransplant  described  in  this  communication 
has  the  advantage  that  no  normal  nerve  has  to  be  destroyed  and  that  it 
can  all  be  carried  out  in  one  operative  field.  The  results,  in  dogs,  seem 
at   least   as   good   as   those   obtained    by    Hul>er's-   autotransplant. 

V.     GENERAL  CONSinER.\TIOXS 

In  every  type  of  nerve  suture,  no  matter  how  perfect  the  approxima- 
tion is,  there  are  whiirls  as  the  fil)ers  grow  out,  so  that  corresponding 
fibers  do  not  join,  consequently  some  reeducation  is  always  necessary. 
The  objection  that  one  might  expect  would  be  raised  to  the  removal 
of  jiart  of  a  nerve  is  that  certain  funiculi  going  to  certain  muscle  groups 
would  therebv  he  injured  or  destroyed.  The  existence  of  internal 
plexuses  in  nerves,  which  has  been  the  thesis  of  the  work  of  Dustin,^* 
Heinetnann,^''  Langley  and  Hashimotto,'^  and  most  recently  McKinley,'" 
disposes  of  this  objection. 

Our  experiments  lend  support  to  this  contention.  Cross-sections  of 
the  sciatic  nerve  trunk,  taken  at  3  mm.  intervals,  showed  a  variation 
in  the  number  and  size  of  the  funiculi.  This  variation  in  number  was 
as  follows :  three,  seven,  seven,  four,  three.  Cross-sections  of  the 
posterior  tibial  nerve  of  a  man  were  shrunk  to  such  an  extent  by  the 
fixative  that  accurate  counts  were  not  possible ;  but  here  also  a  marked 
variation  in  the  number  of  funiculi  at  different  levels  was  noted. 

As  further  evidence  bearing  on  this  question  we  wi.sh  to  point  out 
that  after  cutting  about  one  third  of  the  diameter  of  the  tibial  nerve 
all  the  muscles  supplied  by  the  nerve  reacted  when  each  nerve  branch 
to  each  group  of  muscles  was  stimulated.  Whether  there  was  any 
sensory  impairment,  of  course,  could  not  be  determined  on  animals. 
Furthermore,  a  cross-section  of  the  nerve  below  the  point  of  section 
studied  after  degeneration  was  complete  showed  that  the  degenerated 


14.  Dustin,  A.  P.:  Les  lesions  post  traiiiiiatiques  des  nerfs  contribution 
a  I'histopathologie  du  systeme  nerveux  peripherique  chez  I'lionime,  Ambulance  de 
"L'Ocean,"  La  Panne  Extrait  du  fascicule  11,  December,  1917. 

15.  Heinemann.  O. :  Weitere  Untersuchungen  iiber  den  innercn  Ran  der 
grossen  Xervenstamme.  .■Xrch.  f.  klin.  Chir.  109:121,  1917. 

16.  McKinley,  J.  C. :  The  Intraneural  Plexus  of  Fasciculi  and  Fibers  in  the 
Sciatic  Nerve,  Arch.  Neurol.  &  P.sychiat.  6:377   (Oct.)    1921. 
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fibers  were  scattered  throiifjhdut  the  nerve  and  did  not  occupy  one  por- 
tion of  the  nerve  as  they  should  Iiave  if  tlie  tihers  travel  down  a  nerve 
in  the  same  sector. 

Secondary  sutures  made  several  months  after  injury  are  as  successful 
as  primary  sutures  if  the  funiculi  are  brought  into  jierfect  approxi- 
mation without  a  connective  tissue  harrier.  The  ])hysiologic  recovery 
was  somewhat  slower  than  in  a  prinuu y  suture.  We  have  been  unable 
to  determine  anv  reason  for  tiiis. 


rig.   1(1. — Silk    Miliirc    «itli    ui;vrni.iUM 
strands  of  silk;    A,  silk;  li,  a.xis  cylinders. 


iiulcrs    yiassing    betwetn    the 


Injection  of  absolute  alcohol  into  the  cut  end  of  a  nerve  reduced 
the  tendency  to  neuroma  formation  in  two  experiments  and  to  some 
e.xtent  in  a  third  ;  but  we  were  unable  to  obtain  a  picture  similar  to 
that  obtained  by  Lewis  and  Huber  "  in  rabbits.  Our  observations  tend 
to  show  that  the  injection  of  absolute  alcohol  does  not  completely  i)re- 
vent  neuroma  formation,  though  it  does  inhibit  it.  Injection  of  alcohol 
into  the  nerve  trunk  at  the  site  of  suture  with  the  idea  of  preventing 
neuroma    formation  seemed  of  no  value,  though   it  did  not  interfere 


17.  Lewis.  Dean,  and  Hiiher.  G.  C. :   .\mpiitation  Neuromas 
mcnt  and  Prevention,  .\rcli.  Surg.  1:X.S   (July)   1520. 
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with  llie  process  of  regeneration  or  prolong  this  process.  The  distor- 
tion of  axons  and  interference  with  their  growth  at  the  site  of  suture 
is  due  to  those  factors  that  have  been  emphasized  in  the  publications 
that  have  appeared  in  the  last  few  years.  Connective  tissue  is  the 
<;reat  olistacle,  and  anything  that  may  increase  the  formation  of  scar 
tissue  is  to  be  avoided.  Occasionally,  in  the  larger  human  nerves, 
l)leeding  from  a  small  vessel  is  very  troublesome  and  cannot  be  stopped 
by  the  application  of  heat.  In  such  cases,  rather  than  leave  a  tine 
ligature  in  the  center  of  the  regenerating  nerve,  we  have  for  some 
years  di.stended  the  end  of  the  nerve  with  salt  solution.  Another  and 
most  important  factor  in  getting  good  regeneration  is  the  accurate 
appro.ximation  of  the  nerve  ends  so  that  the  exposed  nerve  ends  come  in 
contact.  To  accomplish  this  most  perfectly,  sutures,  as  far  as  possible, 
should  be  placed  in  the  perineural  tissue  and  not  through  the  fasciculi. 
We  are  convinced  tiiat  sewing  individual  fasciculi  together  is  a  physical 
mipossibility  as  well  as  not  being  absolutely  necessary.  In  this  connec- 
tion, it  may  be  well  to  emphasize  again  that  extremely  fine  silk  heals 
in  with  far  less  reaction  than  does  catgut.  It  is  quite  astonishing  to 
note  that  the  reaction  about  silk  is  so  slight  that  frequently  axons  can 
be  seen  growing  between  the  strands  of  a  silk  ligature  (Fig.  10). 

SUMMARY     AND     CONCLUSIONS 

1.  Three  methods  of  bridging  defects  in  nerves  have  been  studied 
l)y  a  combination  of  physiologic  and  histologic  methods. 

2.  It  has  been  shown  that  nerve  fibers  will  grow  down  the  trunk  of 
a  healthy  nerve  through  a  longitudinal  incision  without  impairing  its 
function  and  part  of  the  fibers  connect  up  with  the  peripheral  end.  It 
is,  therefore,  of  distinct  advantage  to  implant  the  central  end  of  a  cut 

.  nerve  as  well  as  the  peripheral  end. 

3.  (.)n  account  of  the  branching  of  regenerating  fillers,  enough  axons 
are  produced  when  a  nerve  is  cut  longitudinally  to  fill  the  sheaths  in  the 
implanted  nerve,  indicating  that  in  a  nerve  anastomosis,  an  end-to-side 
implantation  is  j^erfectly  satisfactory.  This  confirms  our  clinical 
experience.  We  have  for  years  practiced  this  method  of  anastomosis  in 
faciohypoglossal  anastomosis. 

4.  The  test  described  by  one  of  us  (Malone)  for  determining  that 
nerve  fibers  have  grown  across  a  point  of  suture  has  proved  a  valuable 
aid  in  determining  at  an  early  date  whether  or  not  a  nerve  is 
regenerating. 

5.  The  study  of  cross-sections  of  nerves  as  well  as  the  results  follow- 
ing the  method  of  auto-autotransplant  described  in  this  paper  throw 
doubt  on,  and  we  believe  disprove,  the  contention  that  peripheral  nerves 
have  an  internal   topography   as   maiiUained   by    Stoft'el. 
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6.  Though  absohite  alcohol  may  inhibit  to  some  extent  the  forma- 
tion of  neuromas,  it  does  not  absolutely  prevent  them. 

7.  The  most  important  factor  in  a  successful  nerve  anastomosis  is  the 
accurate  approximation  of  the  nerve  ends  so  that  there  is  no  tissue 
between  them  which  may  interfere  with  the  regeneration  of  the  fibers. 
Every  effort,  of  course,  should  always  be  made  to  bring  them  together 
in  their  original  anatomic  relation  ;  but,  owing  to  the  presence  of  internal 
plexuses  in  nerves,  it  is  not  so  essential  as  has  been  supposed  heretofore. 
\\'hene\er  a  nerve  regenerates,  whorls  are  formed  at  the  regenerating 
end,  consequently  the  central  end  of  a  fiber  does  not  necessarily  connect 
with  its  corresponding  peripheral  end. 

8.  The  method  of  auto-autotran.splant  described  in  the  foregoing 
pages  for  bridging  defects  too  long  to  permit  of  an  end-to-end  anas- 
tomosis is  to  be  preferred  to  cable  autotran.splants  because  no  normal 
nerve  has  to  be  injured  and  the  operation  can  be  carried  on  in  one  field. 

9.  The  method  of  choice  for  bridging  large  defects  whenever  possible 
is  the  double  implantation  method  of  anastomosis.  Its  advantage  over 
the  auto-autotransplant  lies  in  the  fact  that  some  axis  cylinders  have 
only  one  suture  line  to  grow  through,  while  in  the  auto-autotransplant 
they  all  have  to  go  through  two  suture  lines. 
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Ill  many  instances,  the  most  desiralile  results  in  treating  malignant 
tumors  of  the  bladder  are  oljtained  by  a  combination  of  surgery  and 
the  use  of  the  minimal  cjuantity  of  raiHum  th;it  will  effectually  limit 
further  activity  of  the  malignant  cell.  Russ  and  Chambers,'  in  1913, 
showed  that  long  periods  of  radiation  killed  the  cells  of  transplanted 
rat  tumors,  which  then  were  absorbed  rapidly.  After  a  shorter  radia- 
tion, even  though  the  grafted  tumor  failed  to  develop,  the  cells  remained 
at  the  site  of  inoculatimi  for  a  long  time,  hut  their  capacity  for 
]iroIileration  was  diminished.  Wassermann  -  exiiosed  e.\tir]>ated  rat 
cancer  to  radium  rays  from  mesothorium  and  inoculated  the  cancer  into 
susceptible  animals,  but  growths  did  not  result.  He  asserted  that  the 
death  was  nuclear,  not  cellular;  the  proliferating  power  of  the  cell  was 
destroyed  but  the  cell  was  not  killed.  Price  ^  found  that  after  mouse 
tumors  had  been  exjjosed  to  radium,  the  power  of  cell  division  was 
incomplete,  as  was  .shown  by  the  decrease  in  the  number  of  mitotic 
figures.  Prime  *  believes  that  the  inability  of  inoculated  fragments  to 
grow  depends  to  a  certain  extent  on  the  failure  of  the  nucleus  to  per- 
form the  usual  steps  preliminary  to  division.  In  irradiated  tissue,  multi- 
nucleated cells  (those  with  di\ision  of  nuclei  Ijut  not  of  cytoplasm) 
were  tiot  found,  but  rather  cells  with  nuclei  many  times  larger  than 
that  of  the  normal  cell.  Prime  concludes  that  radium  in  sufficiently 
large  doses  will  injure  the  nucleus  of  the  cell  and  so  inhibit  furlher 
division,  which  must  eventually  result  in  the  death  of  the  cell. 

It  is  probable  that  mitotic  figures  have  a  direct  bearing  on  the 
recurrence  of  malignant  growths  and  the  successful  transplantation  of 
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the  cells.  Evans  ''  studied  the  relationship  between  mitotic  tigures  and 
malignancy  in  uterine  niyomas  and  found  that  only  from  tumors  con- 
taining large  numbers  of  mitotic  figures  were  the  cells  able  successfully 
to  invade  the  tissue  and  recur  after  the  removal  of  the  original  growth. 

Radium  is  usually  employed  in  the  form  of  radium  .salt,  in  which 
the  beta  rays  are  filtered  out  and  the  gamma  rays  alone  used.  The 
limited  range  of  the  beta  rays,  from  6  to  8  mm.,  permits  them  to  be 
effective  only  in  exceptional  cases,  in  which  they  usually  are  screened 
oft'  in  order  to  prevent  destruction  of  the  tissues  intervening  between 
the  capsule  and  the  jwint  of  irradiation.  The  beta  rays,  being  many 
times  more  numerous  than  the  gamma  rays,  are  extremely  eft^ective 
at  short  range.  They  have  a  corresixjndingly  greater  ionizing  force 
over  a  very  limited  area.  In  unscreened  radium,  the  beta  rays  are 
filtered  out  by  the  adjacent  tissue,  over  which  they  exert  an  extremely 
destructive  influence.  Wood  and  Prime"  have  shown  that  if  pure 
gamma  rays  only  are  used,  the  exposure  necessary  for  cellular  destruc- 
tion is  eight  times  as  long  as  that  required  when  gamma  and  beta  rays 
combined  are  employed.  Wedd  and  Russ  '  found  that  excised  tumors 
irradiated  one  hour  with  5  mg.  of  unscreened  radium  rays  do  not  pro- 
liferate on  transplantation,  but  that  an  exposure  of  eighteen  hours  to 
gamma  rays  alone  from  5  mg.  of  radium  is  insufficient  to  inhibit  such 
growth. 

By  burying  tubes  containing  unscreened  radium  em;iiiation  directly 
in  the  growth,  the.se  highly  effective  beta  rays  may  be  utilized.  Jane- 
way  *  asserts  that  100  per  cent,  of  radium  efficiency  may  thus  be 
directed  against  the  tumor.  By  emiiloying  the  numerous  beta  rays, 
small  amounts  of  radium  become  very  efTective.  The  tubes  permit 
accurate,  measured  distribution  of  the  radium  rays,  and  thus,  with  the 
short  range  of  the  extremely  active  beta  rays,  an  exceptionally  high 
dosage  may  l>e  emi)loyed  without  damage  to  normal  tissues.  Bagg  ° 
planted  emanation  points  in  rat  tiunors  and  found  that  they  produced 
areas  of  necrosis  about  1  cm.  in  diameter  which  were  practically 
uniform  for  varying  amounts  of  the  emanation. 
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l\a<liuni  is  most  cuniiiimily  eniplciyL-d  in  the  treatment  of  surface 
growths,  especially  of  the  skin,  hreast,  and  cervix.  Tumors  of  the 
deeper  strtictures,  especially  malignant  growths  of  the  stomach  and 
urinary  hladder,  have  not  heen  considered  suitable  for  radium  treat- 
ment. 

Certain  types  of  tumors  of  the  bladder  respond  to  excision,  others 
offer  an  extremely  poor  prognosis.  Owing  to  the  difficulty  of  completely 
eradicating  the  tumor  and  its  frequent  cellular  transplants,  recurrence 
is  early  and  extensive.  This  is  particularly  true  of  the  solid  meaty 
epitheliomas  commonly  occurring  in  the  base  of  the  bladder.  Small 
infiltrating  wedges  of  actively  malignant  cells,  which  project  down 
through  the  muscle  bundles,  are  often  cut  across  when  a  portion  of  the 
bladder  wall  is  excised.  The  undisturbed  clumps  of  cells  remain  in  the 
normal  tissue,  act  as  foci,  spread  rapidly  and  extensively,  and  often 
attain  an  inoperable  size  shortly  after  operation.  Since  epithelial  tumors 
of  the  bladder  rarely  metastasize,  patients  who  die  from  malignancy  of 
the  bladder  usually  succumb  because  of  the  local  condition.  Any 
prdcedure  that  would  aid  in  effectually  eliminating  the  local  condition 
W(_iuld  in  many  cases  cure  the  patient.  Tumors  recurring  in  patients 
who  return  at  three-month  inter\als  after  operation,  in  response  to 
follow-up  letters,  are  generally  small  and  respond  readily  to  intravesical 
manipulation. 

There  are  several  types  of  instruments  for  the  endovesical  appli- 
cation of  radium  to  tumors  of  the  urinary  bladder.  In  some  cases  in 
which  the  tumor  is  situated  in  the  base  of  the  bladder,  it  is  possible 
to  plant  radium  needles  directly  in  the  tumor  through  the  perineal 
tissues,  as  in  the  treatment  of  malignant  disease  of  the  prostate. 
Young '"  has  described  a  method  for  applying  radium  in  the  capsule  to 
the  tumor  under  actual  vision.  Woolston  "  has  devised  an  apparatus 
whereby  the  radium  may  temporarily  be  fastened  to  the  malignant  area. 
Both  Lewis  '-  and  Janeway  have  described  instruments  by  means  of 
which  tubes  of  emanation  may  be  planted  directly  in  tumors. 

By  direct  cystoscopy,  any  type  of  needle  may  be  used  if  it  is 
sufficiently  long  to  pass  through  the  lumen  of  the  instrument  and  con- 
tains a  movable  stylet  or  plunger.  The  majority  of  vesical  tumors  are 
directly  in  line  with  the  urethra,  being  situated  on  the  base,  dome,  or 
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posterior  or  lateral  walls,  where  they  may  be  reached  with  a  straight 
needle.  The  anterior  wall  and  sphincteric  area  are  rarely  involved, 
usually  only  in  diffuse  or  inoperable  cases. 

Flat,  infiltrating  tumors,  which  so  readily  recur,  are  treated  at  the 
Mayo  Clinic  with  radium  emanation  prior  to  operation.  Small  amounts 
of  the  element  are  used  with  the  idea,  not  of  completely  destroying  the 
growth,  but  iif  diminishing  the  capacity  of  the  cell   for  proliferation. 


Fig.  1. — Application  of  radium  emanation  points  tlirougli  the  Braascli  direct 
vision  cystoscope. 

This  is  dfinc  in  an  attem])t  tti  inhibit  early  recurrences  from  segments 
not  removed  and  to  prevent  reim]ilantatiiin  of  cells  freed  during  the 
excision  of  the  tumor. 

The  j)atient  is  given  a  cystoscf)pic  examination  with  a  direct  vision 
instrument ;  the  basal  opening  of  the  cystoscope  is  placed  on  the  tumor 
and  the  eye-piece  detached.  This  allows  the  water  free  exit,  following 
which  the  contraction  of  the  bladder  firmly  implants  the  tumor  against 
the  open  end  of  the  instrument  and  holds  it  in  place  until  the  point 
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of  the  radium  needle  can  he  inserted  antl  the  tube  (h'ixen  intu  the 
i,frii\vth.  The  bladder  is  then  refilled  with  water  and  a  second  area  of 
the  luuKir  localized.  This  procedure  is  repeated  until  the  tubes  of 
emanation  have  been  studded  throughout  the  growth,  on  an  average  of 
about  one  to  every  square  centimeter  of  tumor  tisstie.  Tubes  containing 
approximately  1  millicurie  have  been  found  the  must  satisfactory 
(Figs.  1  and  2). 

The  case  histories  rei)orted  illustrate  the  technic,  indicate  the 
amounts  of  radium  used,  and  record  the  immediate  results  obtained. 
Sufficient  time  has  not  elapsed  since  the  patients  were  first  treated  to 
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Fig.  2   (Case  1). — Resected  carcinoma  of  the  bladder;  areas  of  destruction 
around  the  radium  emanation  tubes. 

justify  any  statement  concerning  the  efficiency  of  the  treatment.  It  is 
not  held  that  these  changes  result  from  the  action  of  radium  rays  alone, 
but  merely  that  they  are  a  secjuence  of  radium  irradiation. 


REI'ORT     OF     C.\SES 

Case  1  (A  352196). — J.  McL..  man,  aged  63,  came  to  the  clinic  in  March, 
1921,  with  a  complaint  of  intermittent  pyuria  and  occasional  hematuria  dur- 
ing a  period  of  ten  years.  During  the  eight  months  before  e.xamination.  he 
had  lost  14  pounds    (6.4  kg.). 

Cystoscopic  examination  revealed  a  flat,  irregular  mass,  2.5  liy  4  cm.,  on  the 
posterior  wall  of  the  bladder.  A  specimen  was  removed  for  e.xamination  and 
800  mg.  hours  of  radium  emanation  in  six  tubes  was  inserted  in  the  tumor. 
The  removed  portion  proved  to  be  papillary  carcinoma.  The  cells  were  regular 
in  outline,  luit  varied   in   size  and  shape. 
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At  operation  twenty  days  later,  a  small,  tihrdus,  ulcerated  epithelioma  was 
resected  from  the  posterior  wall.  The  siiprapiiliic  wound  healed  completely 
in  ten  days. 

Histologic  e.xaminatiiin  of  tlie  tumor  removed  at  operation  revealed  extreme 
fibrosis.  The  hulk  of  the  growth  was  composed  of  necrotic  and  fibrous  tissue 
with  numerous  thin-walled,  newly  formed  blood  vessels.  A  number  of  emana- 
tion tubes  were  found  still  embedded  in  the  tumor,  around  several  of  which 
necrosis  e.xtended  for  a  distance  of  8  mm.  The  few  malignant  cells  found 
were  extremely  large  and  granular,  a  number  of  lliem  showing  extensive  hyaline 
degeneration.  The  whole  structure  gave  evidence  of  an  intensive  reaction. 
Some  cells  were  small,  with  pyknotic  nuclei,  others  were  extremely  large, 
newly   formed,  and  atypical    (Figs.  3,  4  and  5). 

Case  2  (A  369414). — W.  A.  N.,  man,  aged  57,  came  to  the  clinic  in  .August, 
1921,  on  account  of  intermittent  hematuria,  of  two  years'  duration. 


Fig.  3   (Case   1). — Epithelioma   before   radium   treatment;    X  350. 


Cystoscopic  examination  revealed  an  area,  2  by  2  cm.,  on  the  right  base. 
The  growth  was  flat  and  meaty,  with  an  irregular  surface.  A  portion  of  the 
tumor  was  removed  for  examination  and  900  mg.  hours  of  radium  emanation 
in  eight  tubes  was  inserted.  The  specimen  revealed  papillary  carcinoma ;  the 
malignant  cells  were  packed  solidly  together  with  only  a  small  amount  of 
intervening  stroma ;  the  nuclei  were  large,  irregular,  and  prominent,  and  a 
moderate  number  of  mitotic  figures  were  found  (Fig.  6).  A  second  cystoscopic 
examination  fifteen  days  later  showed  that  the  mass  practically  had  disappeared. 

At  operation,  September  12,  an  ulcer  4  cm.  in  diameter  was  excised  from 
the  bladder  wall,  which  was  markedly  edematous  around  the  lesion.  The 
excised  ulcer  showed  only  inflammatory  tissue;  no  evidence  of  malignancy 
was  found. 

Case  3  (A  355403). — F.  K.  O..  woinan.  aged  47,  came  to  the  clinic  in  April, 
1921,  complaining  of  intermittent  frequency  and  dysuria  of  ten  years'  duration. 
Since  1917,  the  urinary  trouble  had  been  almost  constant  and  she  had  lost 
50  pounds   (22.7  kg.)    in  the  last  year. 
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Fig.  4  (Case  1). — Epithelium  after  radium   irradiation;  enonnously  enlarged 
cells;   X350. 


Fig.  S  (Case  1). — Epithelioma  after  irradiation;  enlarged  cells,  vacuolization, 
hyaline  degeneration  and  atypical  mitotic   (ngure;   X  350. 
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Cystoscopic  examination  revealed  two  solid  tumors  on  the  right  side  of  the 
bladder,  one  4  cm.  and  the  other  2  cm.  in  diameter.  Six  tubes  containing  1.600 
mg.  hours  of  radium  were  inserted  in  the  growth.  For  several  days  after  the 
insertion  of  the  radium  tubes,  the  dysuria  increased  and  a  number  of  shreds 
of  tissue  were  passed. 

At  operation,  seventeen  days  later,  a  flat  ulcerated  area,  i  cm.  in  diameter, 
was  found  on  the  right  wall  and  liase  of  the  bladder,  involving  the  ureteral 
orifice  and  penetrating  to  the  peritoneum  at  one  point.  The  area  was  com- 
pletely excised,  including  5  cm.  of  the  ureter.  The  remaining  portion  of  the 
ureter  was  tied  and  dropped  back  into  the  wound.  The  section  removed  was 
markedly  ulcerated  and  fibrous.  Several  emanation  tubes  were  found  sur- 
rounded by  areas  of  necrosis  and  fibrous  tissue  aliout   1.5  cm.  in  diameter. 

On  histologic  examination,  the  growth  was  found  to  consist  of  enormous 
malignant   cells,   most  of   which   were   undergoing  granular   degeneration.     Tlie 


Fig.  6  (Case  2). — Epithelioma  before  irradiation:   no  evidence  of  malignant 
cells  found  at  operation  after  having  been  treated  with  radium ;  X  350. 


majority  of  these  cells  were  from  five  to  six  times  larger  than  nonirradiated 
cells ;  many  of  them  contained  large  vacuoles.  The  increase  in  the  connective 
tissue  elements  was  only  slight  in  comparison  with  the  fibrous  overgrowth 
noted  in  the  other  cases   (Fig.  7). 

C.^SE  4  (A 355232).— D.  C,  man,  aged  64,  came  to  the  clinic  in  April,  1921, 
with  a  history  of  urinary  frequency  of  three  years'  duration,  and  almost  con- 
stant dysuria,  with  attacks  of  hematuria  of  one  year's  duration. 

Cystoscopic  examination  revealed  a  mass,  4  cm.  in  diameter,  oti  the  right 
wall  of  the  bladder,  involving  an  orifice.  The  growth  was  flat  and  firm  and 
covered  with  stubby  protrusions.  One  thousand  milligram  hours  of  radium 
emanation  in  five  tubes  was  inserted  in  the  growth.  On  the  fourth  and  fifth 
days  after  the  insertion  of  the  radium,  the  patient  felt  drowsy  and  had  little 
appetite.  Several  days  later,  a  number  of  pieces  of  necrotic  tissue  were  passed 
with   the   urine. 
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Fig.  7    (Case  i). — Greatly  enlarged  cells  undergoing  granular  degeneration 
as  a  result  of  radium  irradiation;   X  ■^50. 


Fig.  8  (Case  5). — Distinct  ctllul.ir  nullines  with  destruction  of  nuclear  sub- 
stance  following  radium   irradiation  ;   X  -550. 
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At  operation  nineteen  days  after  the  insertion  of  the  radium,  a  small,  knotted, 
extremely  filirous  mass  with  a  necrotic  surface  was  removed.  The  growth 
involved  the  right  ureter,  which  was  ligated  and  cut.  There  was  a  definite 
radium  scar  directly  above  the  growth :  possibly  the  normal  mucosa  had 
approximated  the  tumor  and  radium  emanations  at  this  point  when  the  bladder 
was  empty.  The  excised  area  was  shrunken,  black,  and  tibrous.  Three  empty 
emanation  tubes  were  found  in  the  tumor. 

Histologic  examination  revealed  almost  complete  fibrosis,  and  in  several 
areas,  especially  around  the  tubes,  necrosis.  In  a  few  areas,  there  were  definite 
nests  of  unchanged  malignant  cells,  well  walled  off  with  fibrous  tissue. 

Case  5  (.^  3577?4 ).— M.  K.,  woman,  aged  64,  came  to  the  clinic  in  Septem- 
ber. 1921,  on  account  of  an  almost  constant  hematuria  and  dysuria  of  nine 
months'  duration. 

Cystoscopic  examination  revealed  an  extensive  irregular  tumor  involving 
the  left  wall  of  the  bladder  and  the  left  orifice.     Seven  hiuulred  and  lifty  milli- 


Fig.  9  (Case  5). — Condition  following  radium  irradiation:  marked  edema  of 
a  highly  cellular  epithelioma:   X  100. 


gram  hours  of  radium  in  five  lubes  was  inserted  in  the  growth  under  sacral 
anesthesia. 

Twenty-two  days  later,  a  tumor  completely  involving  the  left  wall  was 
resected.  The  left  ureter  was  ligated  and  cut,  and  the  renal  portion  left  in 
place.  Convalescence  was  satisfactory.  The  tumor,  which  measured  2  by 
4  cm.,  was  flat,  with  a  firm,  ulcerated  surface. 

Histologic  examination  revealed  epithelioma.  The  tumor  was  markedly 
edematous,  with  only  a  moderate  round-cell  infiltration.  Connective  tissue 
reaction  was  very  slight,  and  the  enormous  atypical  cells  seen  in  other  irradiated 
tumors  were  absent.  Most  of  the  cells  retained  their  regularity  of  size  and 
outline:  but  there  was  widespread  destruction  of  the  nuclei  which  were  small 
and  shrunken  in  some  areas.  In  most  sections,  however,  the  malignant  cells 
were  recognized  merely  by  their  outline,  as  the  nuclei  were  not  visible  (Figs. 
8    and    9). 
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Fig.  10  (Case  6). — Wedge  of  filirolihists  separating  groups  of  enlarged  degen- 
erating cells,   following   radium  treatment ;    X  45U. 


Fig.  11  (Case  6). — E.xtreme  fibrosis,  splitting  up  and  isolating  areas  of 
degenerating  cells,  following  radium  treatment.  The  malignant  cells  are  greatly 
enlarged,  and  becoming  byalinized  in  places;  X  80. 
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Case  6  (A  356999).— F.  A.  S.,  man,  aged  67,  came  to  the  clinic  in  April, 
1921,  on  account  of  dysuria  and  hematuria  which  had  heen  almost  constant  for 
six  months. 

On  cystoscopic  examination,  a  meaty,  circumscribed  tumor,  3  l)y  3  cm.  in 
diameter,  was  found  on  the  right  wall,  surrounded  I)y  an  area  of  bullous  edema. 
The  growth  was  flat  and  circumscribed,  and  involved  the  right  orifice.  I'nder 
sacral  anesthesia,  a  specimen  was  removed  and  nine  radium  emanation  tubes 
totaling  1,100  mg.  hours  were  planted  in  the  growth  approximately  1  cm.  apart. 
Histologic  examination  of  the  specimen  revealed  papillary  epithelioma  of  a  high 
degree  of  malignancy.  The  cells  were  irregular  in  size  and  shape,  matted 
together  with  only  a  small  amount  of  connective  tissue,  and  contained  a  mod- 
erate number  of  mitotic  figures. 

.'\t  operation  nineteen  days  later,  a  mass  2.5  cm.  in  diameter  was  resected 
from  the  bladder,  with  the  right  ureteral  orifice  and  3  cm.  of  tlie  right  ureter. 
The  renal  portion  of  the  ureter  was  ligated  and  dropped  back  into  the  wound. 
The  specimen  removed  at  operation  was  shrunken  and  hard.  Microscopic  sec- 
tions showed  extensive  fibrosis  with  many  areas  of  exceptionally  large  malig- 
nant cells  as  much  as  three  or  four  times  the  size  of  those  found  in  the  section 
removed  before  irradiation.  These  large  cells  generally  showed  granular  or 
hyaline  degeneration,  with  an  occasional  markedly  atypical  mitotic  figure. 
Numerous  small  malignant  cells  with  deeply  staining  shrunken  nuclei  were 
seen.  In  some  areas,  fine  strands  of  fiiiroblasts  passed  between  the  malignant 
cells;  in  others,  thick,  fibrous  bands,  which  often  followed  the  connective  tis- 
sue remnants  of  altered  papillae,  divided  the  tumor  into  isolated  islands  of 
malignancy  (Figs.  10  and  11). 

COM  mi; XT 

The  must  striking  feature  of  irradiated  tumors  is  extreme  fibrosis 
which  i)roduces  extensive  walling  off,  rei)lacement,  and  destruction  of 
the  tumor  cells.  This  is  preceded  by  e.xtensive  vascularization.  The 
malignant  cells  often  showed  remarkal)le  changes,  including  many 
unusual  division  forms,  and  marked  hyaline  and  granular  degeneration; 
the  majority  were  obviously  incapable  of  further  growth. 

In  some  cases,  the  radium  rays  undoubtedly  completely  destroyed 
the  proliferating  jjower  of  the  cells;  but,  in  a  number  of  tumors,  nests 
of  apparently  intact  malignant  cells  were  found.  These  cells,  generally 
walled  off  by  extreme  fibrosis,  were,  as  a  result  of  the  exjwsure  to 
radium  rays,  apparently  quiescent  at  the  time  of  operation.  Later, 
when  the  reaction  from  irradiation  had  subsided,  they  undoubtedly 
would  have  become  active  again.  The  reactivation  of  the.se  isol.ated  cells 
might  well  explain  the  late  recurrences  of  tumors  clinically  cured  by 
radium.  On  this  account,  it  is  advisable  to  carry  out  cotnplete  surgical 
removal  of  the  tumor-bearing  area.  Frankl  and  Amreich  '■''  found  that 
radium  and  roentgen  rays  exert  a  profound  influence  on  malignant  cells 
as  long  as  forty  days  after  exposure;  cells  not  completely  destroyed 


13.  Frankl.  O.,  and  Amreich,  I.:  The  Histologic  Changes  Incident  to 
Radium  and  X-Kay  Treatment  of  Uterine  Carcinoma,  Surg.,  Gynec.  &  Obst. 
33:162-163   (Aug.)    1921. 
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sliiiwfd  various  forms  of  degeneration.  After  a  certain  period,  the 
flTeet  of  irradiation  subsided,  and  areas  were  found  in  which  the  cells 
again  ])roliferated  rapidly  and  resembled  those  present  before  irradiation. 

Surgical  ])rocedures  .should  be  carried  out  about  two  weeks  after  the 
insertion  of  the  radium  tubes.  If  delayed  longer,  there  is  fusion  of  the 
normal  cleavage  planes  and  extensive  edema  of  the  bladder  wall  that 
increase  the  technical  difficulty  of  the  operation.  The  desirable  fibrosis 
and  walling  off  of  tumor  tissue  does  not  occur  until  eight  or  ten  days 
after  irradiation. 

'1  he  insertion  of  tubes  of  radium  emanation  is  a  simple  procedure 
wiiich  may  be  dfine  at  the  time  of  the  first  examination.  The  small 
amounts  of  radium  rays  are  slowly  discharged,  and  very  little  reaction 
is  produced.  The  emanation  tubes  give  off  only  about  16  per  cent,  of 
their  energy  daily.  Most  tumors  of  the  bladder  are  superficially  placed  ; 
thrombosis  of  the  blood  vessels  develops  early  and  there  is  consequently 
only  a  slight  absorption  of  necrotic  or  toxic  substances.  The  bulk  of 
the  growth  sloughs  off  and  is  passed  with  the  .urine.  In  several  cases, 
a  few  days  of  general  malaise  with  a  slight  increase  of  symptoms 
followed  irradiation. 

Din'ing  the  period  between  tiie  insertion  of  tlie  radium  emanation 
and  the  o|ieration,  the  patient  is  gi\-en  a  daily  bladder  lavage,  which  not 
only  renioxes  an\-  necrotic  slough  l>ut  .also  reduces  infection  of  the 
bladder,  which  is  often  present.  This  prelinimary  washing  limits  the 
absorption  of  toxic  substances  as  do  drainage  and  lavage  of  the 
bladder  prior  to  prostatectomy.  An  imexentful  convalescence  is  insured 
and  the  septic  complications  which  occasionally  (pccur  after  Ijladder 
operations  are  prevented. 

Radium  has  not  infrequently  been  usetl  following  operations  for 
bladder  tumors,  but  this  jiractice  is  complicated  by  disadvantages  which 
are  not  ]iresent  in  jireoperatiNe  irradiation.  In  areas  recently  operated 
on,  radiimi  rays  destroy  the  newly  formed  capillaries  and  pre\ent 
normal  tissue  healing.  Following  a  resection,  the  distortion  of  the 
bladder  walls  makes  it  impossible  to  use  radium  emanations  or  to  apply 
accurately  a  capsule  containing  the  radium  salt  to  the  involved  area. 
When  used  in  the  contracted  bladder  after  operation,  the  radium  salt 
f)Ccasionally  produces  lesions  of  the  normal  mucosa  which  are  extremely 
jjainful  and  of  long  duration. 

Emanation  tubes  were  used  also  in  several  cases  of  malignant  papil- 
loni.a,  but  without  satisfactory  results.  Because  of  the  loose  structure 
of  these  tumors,  the  tubes  were  not  retained  in  place  a  sufficient  length 
of  lime  lo  be  effective.  In  the  majority  of  cases  in  which  the  emanation 
tubes  have  been  used,  the  patients  have  been  of  advanced  age,  with 
widespread,  higldy  malignant  growths  rec|uiring  extensive  operations. 
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Tlie  efticitncv  nf  lliis  procedure  of  ])re(ii)crati\  c  irradiaiicm  will  lie 
determined  only  after  several  years,  by  conijiarison  of  this  group  of 
cases  with  a  similar  group  requiring  the  same  extensive  operative 
interference.  At  present,  it  ofifers  an  easily  applied,  effective  method 
of  radium  irradiation  that  does  not  reduce  the  resistance  of  the  patient 
or  increase  the  technical  difficulties  of  a  complete  surgical  removal  of 
the  tumor-hearing  area. 

SIM  M.\KY 

Ivadium  rays  administered  in  small  amounts  detiniteiy  destroy  the 
proliferative  power  of  living  cells.  The  activity  of  the  cell  is  lessened, 
and  it  ])asses  through  a  ciuiescent  stage  from  which  it  gradually  recovers 
as  the  effects  of  the  radium  wear  off.  In  many  cases,  there  is  destruc- 
tion of  the  nuclei  which  is  accompanied  by  an  aty])ical  cell  growth  and 
va.scularization,  and  later  by  fibrosis. 

At  the  Mayo  Clinic,  the  flat,  infiltrating,  raj)idly  recurring  tyjie  of 
b'.i'dder  tumor  is  exposed  to  radium  before  operation  in  an  efifort  to 
reduce  the  activity  of  the  malignant  cells  and  prevent  operative  trans- 
plants and  early  postoperative  recurrences.  Tubes  of  radium  emana- 
tion are  inserted  through  the  direct  cystoscope  into  the  substance  of 
the  tumor,  which  later  is  removed  surgically.  Specimens  for  histologic 
study  are  removed  from  the  tumor  before  irradiation,  and  their 
histologic  structure  is  later  compared  with  that  of  the  surgically 
removed  area.  In  the  majority  of  cases,  there  is  a  marked  reduction  in 
the  size  of  the  tumor,  with  a  widespread  and  constricting  fibrosis. 


LEUKOPLAKIA     OF     THE     KIDNEY     PELVIS 
HERMAN'     L.     KRETSCHMER,     M.D. 

CH1CA(^() 

In  a  former  paper  on  the  subject  of  leukoplakia  of  the  urinary 
organs,  I  '  reported  a  case  of  leukoplakia  of  the  bladder  and  lower  end 
of  the  ureter.  At  that  time,  a  careful  review  of  the  literature  was 
made  and  a  brief  summary  was  given  of  the  histories  of  forty-four 
cases  that  I  was  able  to  tind  in  the  literature  at  my  command,  making  a 
total  of  forty-five  cases. 

During  the  past  year,  two  publications  have  appeared  in  which  two 
new  cases  were  reported,  one  by  Richey  -  of  Pittsburgh  and  one  by 
Marion '  of  Paris.  Richey's  case  occurred  in  the  kidney  pelvis ;  and, 
in  Marion's  case,  the  bladder  was  the  seat  of  this  unusual  change. 
Marion's  case  also  showed  the  presence  of  epitheliomatous  degeneration. 

Several  years  ago.  Pollack^  reported  a  case  of  leukoplakia  of  the 
kidney  and  one  of  the  bladder  which  were  not  included  in  my  previous 
paper.  These  two  reports,  with  the  two  cited  and  two  cases  about  to 
be  reported,  make  a  total  of  fifty-one  cases. 

In   my    former   paper    the    following   conclusions    were    drawn : 

1.  Leukoplakia  is  a  rare  condition. 

2.  The  etiology  is  unknown. 

3.  The  histopathologic  findings  appear  to  be  uniform  and  constant. 

4.  There  is  no  svmptom  or  syndrome  Ijy  means  of  which  the  condi- 
tion can  be  diagnosed. 

5.  The  presence  of  large  quantities  of  squamous  epithelial  cells 
in  the  urine  from  the  bladder  and  from  the  kidney  after  ureteral 
catheterization,  and  the  passage  of  pieces  of  membrane  or  flakes  of 
squamous  epithelial  cells  are  very  valuable  findings  in  making  the 
diagnosis. 

6.  By  means  of  careful  cystoscopic  examination,  leukoplakia  of 
the  bladder  can  be  definitely  recognized. 

The  first  case  of  leukoplakia  of  the  kidney  pelvis  herewith  reported 
came  under  observation,  Sept.  21,  1920.  A  nephrectomy  was  per- 
formed fur  a  right-sided  renal  tuberculosis.  The  presence  of  leuko- 
plakia was  not  discovered  until  after  the  removed  kidney  was  cut  open 
and  the  pelvis  exposed. 


1.  Kretschiner.  H.  L. :    Surg.,  Gynec.  &  Obst.  31:325  (Oct.)   1920. 

2.  Richey,  DeW.  G. :  J.  Lab.  &  Clin.  Med.  5:635   (July)   1920. 

3.  Marion,  G.:    J.  d'urol.  9:257,   1920. 

4.  Pollack:    Beitrage  zur  Metapla.sicfrage.  Wiesbaden.  19()1  ;  Ueber  Knocben- 
bilduug  ill  dcr  Lunge,  Vircbows  Arcli.  f.  path.  .-Xnat.  165:   K'n.  1. 
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UKl'CRT     OF     CASES 


Case  1. — History. — Mrs.  G.,  aged  40,  three  years  before  coming  under  obser- 
vation was  operated  on  because  of  bladder  distress.  A  tumor  was  removed 
from  the  right  ovary  and  half  of  the  left  ovary  was  removed.  The  symptoms 
were  not  relieved  by  this  operation. 

Three  w-eeks  ago  the  patient  was  subjected  to  cystoscopic  examination  else- 
where, and  a  diagnosis  of  multiple  ulcers  of  the  bladder  was  made.  The  onset 
occurred  about  four  years  ago,  with  practically  constant  symptoms.  Following 
the  operation  there  was  some  relief  of  symptoms  for  about  two  months. 
The  patient  voided  about  every  hour  during  the  day  and  five  or  six  times  in 
the  early  part  of  the  night,  and  then  at  longer  intervals  as  the  night  progressed. 
The  pain  was  located  in  the  bladder  and  was  present  during  and  after  urination, 
being  worse  when  the  bladder  was  full.  It  was  aggravated  when  the  patient 
was  on  her  feet  and  was  relieved  by  rest  and  alkaline  treatment.  Urgency 
had  been  present  ever  since  the  onset  of  trouble.  If  the  patient  did  not  have 
the  opportunity  to  void  immediately  on  having  the  desire,  the  urine  escaped. 
This  was  because  the  pain  in  the  bladder  became  so  intense  that  she  seemed 
to  lose  control.  Shortly  before  operation,  the  patient  noticed  clots  of  blood 
in  the  urine;  but  no  blood  was  ever  seen  until  about  two  months  ago,  when 
the  urine  was  red  and  contained  clots.  Tenesmus  has  been  present  since  the 
onset  of  symptoms.  Long  shreds  of  fleshlike  material  were  occasionally  seen 
in  the  urine. 

Results  of  Urine  Examination 

Cell  Count 

Bladder 70  cells 

Right  kidney....  520  cells 

Left  kidney Red  blood  cells 


Exciminalioii. — Roentgen-ray  examination  was  negative  for  stone  in  the 
kidneys,  ureters  and  bladder.  Cystoscopic  examination,  Sept.  23,  1920,  revealed 
a  bladder  capacity  of  2  ounces  (59.2  c.c).  Cystoscopy  was  very  painful. 
Near  the  air  bubble  was  seen  an  area  of  superficial  ulceration  surrounded  by 
a  zone  of  hyperemia.  Adhering  to  the  surface  of  the  ulcer  was  a  shred.  On 
the  posterior  wall,  a  similar  ulcer  was  seen.  The  ulcers  were  about  half  the 
size  of  a  finger  nail.  The  right  ureteral  orifice  was  slightly  edematous;  and  a 
great  deal  of  difliculty  was  experienced  in  passing  the  catheter  up  the  right 
ureter.  Five  catheters  were  used  and  all  stopped  1  cm.  up.  Finally  a  small 
No.  4  catheter  was  passed.  LTrine  from  the  left  side  was  clear :  but  in  the 
urine  from  the  right  side  there  were  a  few  specks. 

Opcralion. — Dec.  9,  1920.  under  ether  anesthesia,  the  usual  right  lumbar 
nephrectomy  was  performed.     The  patient  made  an  uneventful  recovery. 

Description  of  Gross  Sficciiiicn. — The  kidney  was  about  normal  in  size  and 
color.  The  capsule  stripped  easily,  leaving  a  smooth  regular  surface,  with  the 
exception  of  two  areas.  One  area,  about  2  cm.  in  diameter,  on  the  posterior 
superior  aspect  of  the  kidney,  was  very  slightly  sunken.  It  was  of  a 
darker  color.  On  close  observation,  small  yellowish  or  grayish  tubercles,  the 
size  of  a  pinhead,  could  be  seen.  There  was  a  similar  area.  1  cm.  in  diameter, 
on  the  medial  surface.  Sections  of  these  areas  showed  the  cortical  markings 
to  be  destroyed   and   the  process  to  extend   in   a   wedge-shaped  mass   down   to 
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tlk-  calicos.  In  it  were  a  number  of  gray  or  yellowish  hard  tubercles,  the  size 
of  a  piuhead,  from  which  tubercle  bacilli  were  obtained  on  direct  smear.  The 
calices  involved  had  lost  their  normal,  smooth,  glistening  appearance,  were 
very  irregular  and  contained  yellowish  white  elevations,  varying  in  size  from 
that  of  a  pea  to  that  of  a  pinhcad.  Otherwise  the  cortex  and  medulla  appeared 
to  be  normal. 

The  upper  part  of  the  pelvis  was  normal  and  had  a  grayish  white  glistening 
appearance  (Fig.  1).  On  the  lower  part,  about  the  ureteral  outlet  there  was 
an  area  measuring  2  cm.  by  l.S  cm.,  extending  down  the  ureter  for  1.5  cm., 
very  sharply  demarcated  from  the  rest.  It  was  of  a  slate  or  bluish-gray  color, 
becoming  purplish  down  the  ureter,  where  it  abruptly  ceased  and  normal  ureteral 
lining  began.  The  borders  were  sharply  outlined  but  very  slightly  elevated. 
The  surface  was  rough,  thrown  into  irregular  folds,  and  on  it  were  collections 
of  cells  resembling  cholesteatomas.     The  ureter  was  not  thickened  or  hardened. 

C.\SE  2. — History. — L.  B.,  a  man,  aged  26,  entered  the  United  States  Vet- 
erans' Hospital  No.  76,  complaining  of  pain  in  the  bladder  region,  hematuria, 
frequency,  urgency,  tenesmus  and  pain  in  the  right  side  of  the  abdomen  in  the 
region  of  the  right  kidney.  The  present  illness  began  in  1918,  following  an  attack 
of  influenza  while  in  service  in  France.  -At  this  time,  some  clots  of  blood  were 
noticed  in  the  urine,  this  condition  lasting  for  several  days.  .A.t  the  time  of 
admission  to  the  hospital,  bright  red  blood  was  present  at  the  end  of  urination. 
Pain  in  the  right  side  of  the  abdomen  was  of  a  dull  aching  character  and 
generally  it  was  relieved  by  taking  a  cathartic.  These  attacks  of  pain  occurred 
once  or  twice  a  month  and  lasted  for  three  or  four  days. 

E.vamiiuitiDii. — Physical  examination  was  negative.  Roentgenograms  showed 
the  right  kidney  outline  low  and  apparently  very  much  larger  than  normal.  The 
outline  of  the  upper  pole  was  not  seen  in  the  roentgenogram.  No  stone  shadows 
were  present.  Cystoscopic  examination  revealed  no  signs  of  stones  or  tumor. 
Near  the  apex  of  the  bladder  was  an  area  of  ulceration  surrounded  by  a  zone 
of  hyperemia.  The  surface  of  the  ulcer  was  covered  by  a  slough.  There  was 
a  second  similarly  shaped  ulcer  behind  the  right  ureteral  orifice.  Ureteral 
orifices  were  normal  and  were  easily  catheterized.  Specimens  of  urine  obtained 
from  the  right  and  left  catheters  were  sterile  on  culture.  A  few  pus  cells  were 
noted  in  the  urine  from  the  left  kidney.  Examinations  of  the  urine  for  tubercle 
bacilli  were  negative.  The  phenolsulphonephthalein  test  showed  an  output  of 
41  per  cent,  from  the  right  kidney  in  two  hours  and  36  per  cent,  from  the 
left  kidney.  A  pyelogram  revealed  the  presence  of  a  large  hydronephrosis  on 
the   right   side. 

Operation. — Feb.  25,  1922,  the  usual  oblique  lumbar  incision  was  made  over 
the  right  kidney  area.  Delivery  of  the  kidney  was  diflicult  because  of  the  short 
pedicle  and  the  large  size  of  the  hydronephrotic  kidney.  The  pelvis  was 
isolated ;  the  ureter  was  divided  at  the  pelvic  brim  and  the  kidney  was  removed. 

Postopcriitii'c  Course. — Ten  days  after  operation  the  patient  developed 
phlebitis   of   the   left   leg. 

Description  of  Gross  .Specinwii. — The  specimen  consisted  of  a  large  hydro- 
nephrotic kidney,  about  7  inches  (17.8  cm.)  long,  the  surface  of  wdiich  was 
irregular.  The  pelvis  was  2%  inches  (7  cm.)  wide  and  SVi  inches  (8.9  cm.) 
long.  The  ureter  and  pelvis  of  the  kidney  were  opened ;  the  mucosa  was  normal. 
In  the  posterior  wall  of  the  kidney  pelvis  was  seen  an  area  two-thirds  inch 
(17  mm.)  long  and  one-fourth  inch  (6.4  mm.)  wide  which  stood  out  in  marked 
contrast  to  the  rest  of  the  kidney   pelvis.     It   was   dull   white  and   presented   a 
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wliicli  passes  clown  inlo  the 


KRETSCHMER— LEUKOPLAKIA  351 

dry,  lusterless  appearance.  The  gross  appearance  was  that  of  leukoplakia.  The 
rest  of  the  kidney  showed  an  enormous  amount  of  dilatation.  A  small  piece 
was  excised  for  histologic  study.  Examination  demonstrated  stratified  squamous 
epithelial  cells.  This  area  of  metaplasia  occupied  the  posterior  wall  of  the 
pelvis  and  was  situated  1!4   inches   (3.17  cm.)   above  the  ureteral  opening. 

fOM  MKNT 

Metaplasia  is  the  ijostnatal  production  of  specialized  tissues  from 
cells  which  normally  produce  other  kinds  of  tissues  and  i>  an  adajita- 
tion.  on  the  part  of  the  cells,  to  an  altered  environment  ( .\dami  and 
McCrae  ^).  It  may  occur  either  as  a  physiologic  or  a  pathologic  process. 
I  am  of  the  opinion  that  we  are  inclined  to  forget  that  metaplasia 
occurs  as  a  physiologic  process.  As  an  example  of  this  type  of  meta- 
plasia may  be  mentioned  the  conversion  of  cartilage  into  hone,  as  well 
as  the  conversion  of  connective  tissue  corpu?cles  into  fat  cells.  An 
important  point  to  remember  is  that  epithelial  tissue  can  he  trans- 
formed only  into  epithelial  tissue  and  niesohlastic  tissue  only  into  other 
forms  of  niesohlastic  tissue. 

Heterotopia  should  not  be  confused  with  nietai)lasia,  the  former 
consisting  of  the  abnormal  snaring-ofF  of  cells  of  an  organ  from  the 
organ  proper  and  its  subsequent  growth  in  another  place.  Two  forms 
of  heterotopia  are  generally  recognized — congenital  and  acquired. 
Aberrant  suprarenals  and  accessory  spleens  may  be  mentioned  as 
congenital  types,  and  bony  growths  from  displaced  periosteum  as 
examples  of  the  acquired  types.  Therefore,  in  heterotopia  there  is  no 
transformation  of  tissue. 

Likewise,  metaplasia  should  be  differentiated  from  heteroplasia, 
which,  according  to  Adami  and  McCrae,  is  the  condition  in  which  we 
find,  in  the  middle  of  the  esophagus,  normally  lined  by  squamous 
epithelium,  islands  of  columnar  epithelium,  similar  to  eijithelium  in 
the  stomach.  No  conversion  has  occurred  from  one  type  of  epithelium 
into  the  other;  there  is  merely  a  persistence  of  misplaced  tissue. 

Another  condition  which  lies  outside  the  discussion  is  the  growth 
of  one  tissue  to  push  back  the  normal  tissue  and  to  replace  it.  Accord- 
ing to  McCallum,  this  occurs,  for  example,  when  the  skin  about  a 
healing  tracheotomy  wound  grows  through  the  opening  and  extends 
inward,  so  as  to  line  the  trachea  for  a  short  distance.  I  once  saw  this 
occur  in  the  urinary  bladder  in  which  a  suprapubic  fi-tula  had  been 
present   for  several  years. 

Many  are  the  views  that  have  been  advanced  from  tiine  to  time  to 
explain  the  occurrence  of  metaplasia;  but  the  real  etiology  of  this 
condition  is  unknown.      The   presence   of  calculi   in   the  bladder   in  a 


5.  Adami,  J.   G.,  and    McCrae,  John:   Texthook   of   Pathology,    Philadelphia, 
Lea  &  Febiger,  1912,  p.  202. 
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few  (if  these  cases  has  led  a  number  of  authors  to  hcheve  tliat  stone  may 
be  a  factor  in  the  causation  of  the  condition,  despite  the  fact  that  stone 
is  not  always  found  in  these  cases.  Again,  there  are  innumerable 
cases  of  bladder  stone  which  have  never  shown  the  presence  of  leuko- 
plakia. The  idea  advanced  is  that  a  stone  or  foreign  body  produces 
irritation  and  that  irritation  in  turn  results  in  leukoplakia.  Attention 
has  also  been  directed  to  similar  plaques  in  the  mouth  that  are  often 
encountered  in  jiijje  smokers;  and  it  is  believed  that  they,  to<.i,  are  due 
to  irritation. 


Fig.  2. — Large  amounts  of  desquamated  scjuamous  cells  adhering  to  the 
surface  of  the  mucosa  of  the  pelvis  of  the  kidney;  the  submucosa  showing  round 
cell   infiltration. 


Lecene  is  not  inclined  to  believe  that  chronic  inflanimaticn  is 
responsible  for  this  condition.  Me  thinks  that  the  lesion  is  congenital, 
owing  to  disturbances  in  the  development  of  the  urinary  apparatus. 
He  states  that  embryologically  it  is  easy  to  explain  heterotopia  of  the 
ectodermic  cells  in  the  vicinity  of  the  mucosa  of  the  upper  urinary 
passages;  and  the  fact  that  this  may  occur  is  sufficient  to  account  for 
the  lesions  of  leukojilakia. 
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Halle  asserts  tliat  chronic  inflammation,  simple  or  calculous,  may 
produce  an  epitiielial  transformation  in  the  mucosa  of  the  urinary  tract, 
the  normal  covering  being  transformed  into  stratified  pavement  e]^i- 
thelium  with  epidermic  characteristics. 

The  same  authority  in  reporting  his  cases  states  that  study  shows 
the  influence  of  chronic  inflammation  in  the  etiology  of  epithelial 
transformations,  for.  with  few  exceptions,  these  patients  have  an  old 
cystitis,  or  a  ureternpvelitis  and  cy>tilis  due  to  gonorrhea,  stricture  or 


Fig.  3. — Stratum     grainilosr.m     ahi.M- 
desquamated  squamous  cells. 


irc     seen     the     lamellae     cf 


prostatic  disease,  or  a  postpiierperal  cystitis  due  to  catheteriz.'ition,  espe- 
cially in  cases  in  which  the  condition  has  been  tenacious,  and  rch-llious 
of  treatment. 

Lichtenstern  mentions  as  etiologic  factors,  long-continued  infl.imma- 
lion.  foreign  bodies,  stones,  tuberculosis,  etc. 

Posadas  believes  that  leuko])lakia.  in  most  instances,  offers  a  path- 
ologic condition,  the  origin  of  which  may  be  traced  back  to  syphilis ; 
anfl  when  this  is  found,  the  benefit  from  specific  treatment  is  unques- 
tionable. He  is  of  the  opinion  that  if  we  do  not  obtain  satisfactory 
results  with   the  usual   methods  of  treatment   when   it   is  a   matter  of 
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a  decided  vesical  affection  with  febrile  hematuria  and  the  thrcnving  off 
of  purulent  mucosa,  we  should  try  mercurial  treatment  before  pro- 
ceeding to  suprapubic  cystotomy. 

That  leukoplakia  of  the  kidney  pelvis  may  have  a  congenital  origin 
has  been  mentioned ;  and  to  illustrate  this  fact,  the  case  of  Leber  has 
been  repeatedly  cited.  Leber's  case,  it  will  be  recalled,  occurred  in  an 
infant,  4  months  old,  in  whom,  besides  leukoplakia  of  the  kidney,  there 
was  also  leukoplakia  of  the  eye. 

Wells  "  states  that  in  metaplasia  we  have  what  may  be  interpreted 
as  a  chemical  alteration  due  to  mechanical  stimuli,  that  is,  the  forma- 
tion of  keratin  by  cells  which  ordinarily  do  not  form  it. 

Cases  of  metaplasia  occurring  outside  the  urinary  tract  have  been 
reported  by  various  observers.  Haythorn  '  has  reported  a  case  of 
primary  carcinoma  of  the  lung,  arising  in  a  bronchus.  The  lower  layer 
of  cells  remained  columnar  in  type,  while  the  more  superficial  layers 
were  composed  of  typical  stratified  squamous  cells.  A  case  of  stratified 
squamous-cell  carcinoma  of  the  lung  with  cornification  was  reported 
by  Cohn.^     Typical  pearls  were  formed  in  sections  of  this  tumor. 

In  discussing  the  question  of  metaplasia,  Lewisohn  "  reported  two 
cases  of  unusual  carcinoma,  one  of  the  uterus  and  one  of  the  pancreas. 
He  considers  the  question  as  to  whether  there  is  a  real  metaplasia  of 
epithelium,  and  says:  "It  is  conceivable  that  a  typical  pavement  epi- 
thelium cancer  of  the  uterus  might  originate  without  such  a  metaplasia, 
since  it  is  not  far  from  the  pavement  epithelium  of  the  portio  vaginalis ; 
hence  there  might  be  a  displacement,  or  even  an  extension  of  this  pave- 
ment epithelium  to  the  uterus.  But  this  explanation  will  hardly  hold 
in  the  case  of  tumor  of  the  pancreas,  since  the  pancreas  does  not  lie  near 
any  tissue  of  ectodermal  origin." 

Cases  in  which  metaplasia  occurred  in  the  epiilidymis  have  also 
recently  been  repi^rted  by  Cunningh;im  and  (  )hniori. 

ASSOCIATED     KIDNEY     PATIIOLOGV 

\'ari()us  associated  pathologic  conditions  have  been  found  in  the 
kidneys.  In  one  case  described  in  this  ])aper,  there  was  an  early  renal 
tuberculosis  with  tuberculosis  of  the  bladder.  Tuberculosis  of  the 
kidney  was  also  found  in  Beer's  case,  as  well  as  in  the  case  reported 
by  Beselin.     In  my  second  case  there  was  a  large  hydronephrosis. 

Renal  calculus  with  leukoplakia  has  been  reported  by  Halle,  Chiari, 
Pollack  *  (  Lubarsch's  case)  ;  and  in  Ronas'  case,  there  were  stones  in 
the  pelvis  and  ureter  of  the  opposite  side. 


6.  Wells.    II.   C. :     Chemical    P:itlinl(),t.y.   Pliiladelpliia.  W.   B.   Saiiiulers   Com- 
pany, 1518,  p.  2S.S. 

7.  Haythorn:    J.  M.  Research  26:52.3,  1912. 

8.  Cohn,  quoted  by  Lewisohn:    Ztschr.  f.  Krebsforsch.  3:528,  1903, 

9.  Lewisohn:    Ztschr.   f.  Krebsforsch.  3:528,   1903. 
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In  Lecene's  case,  there  was  a  large  infected  kidney  with  retention. 
One  of  Ronas'  patients  had  a  ])iirulent  perinephritis;  and  in  Brik's 
case,  there  was  an  associated  interstitial  nei)liritis. 

DISTKII'.ITION 

From  a  review  of  these  ca>e>  it  would  ap|)ear  that  in  leukoplakia 
involving  the  urinary  organs,  the  hladder  is  most  fre(|uently  affected. 
This  is  evidenced  by  the  fact  that  in  thirty  of  the  reported  cases,  the 
bladder  was  the  seat  of  the  pathologic  condition,  and  that  in  only  twelve 
cases  were  the  kidneys  foinid  to  have  this  lesion.  In  three  cases,  the 
ureter  was  affected. 

Various  combinations  of  distribution  are  also  to  be  noted;  bladder. 
one  kidney  and  one  ureter,  1  case ;  bladder,  one  kidney  and  both 
ureters,  1  case ;  bladder,  two  kidneys  and  two  ureters,  1  case ;  urinary 
tract,  1  case ;  one  kidney  and  one  ureter,  1  case,  and  bladder  and 
ureter.   1  case. 

REL.XTlO.NSIlll'     TO     C.\RCINOMA 

The  entire  subject  of  meta])lasia  and  leukoplakia  is  interesting 
from  three  points  of  view :  ( 1 )  as  to  the  various  theories  that  have 
been  advanced  from  time  to  time  regarding  the  exact  method  of 
origin;  (2)  as  regards  the  various  etiologic  factors  which  supposedly 
produce  or  aid  in  producing  this  condition,  and  (3) — not  the  least — • 
the  relationship  that  exists  between  leukoplakia  and  carcinoma,  a 
possibility  that  has  been  repeatedly  pointed  out  in  cases  of  carcinoma 
of  the  mouth  developing  from  these  ])laques. 

The  presence  of  stratified  squamous  cell  carcinoma  occurring  in 
organs  which  normally  do  not  contain  this  type  of  e])ithelium  is  gen- 
erally explained  on  the  basis  of  metaplasia  of  the  normal  epithelium  of 
these  organs  into  stratified  squamous  epithelium  and  the  formation  of 
leukoplakia,  with  subsequent  carcinomatous  degeneration  of  these 
patches  or  plaques. 

To  conclude,  it  may  be  stated,  with  a  considerable  fiegree  of 
probability,  that  .stratified  squamous-cell  carcinoma  of  the  kidney  and 
bladder  can  be  explained  on  the  basis  of  metaplasia  with  leukoplakia 
formation. 
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PRIMARY     SQUAMOUS-CELL     CARCINOMA     OF     THE 
KIDNEY     AS     A     SEQUEL     OF     RENAL     CALCULI* 

H.     GIDEON     WELLS,     M.D. 

CHICAGO 

An  unusual  ca^e  of  renal  tumor  that  has  recently  come  under  my 
observation  carries  so  much  evidence  as  to  the  relation  of  trauma  and 
tumor  formation,  as  well  as  to  other  problems  of  pathology,  that  it 
seems  worthy  of  publication.  It  concerns  a  case  of  primary  squamous- 
cell  carcinoma  of  the  kidney,  arisint^  as  a  sec|nel  of  renal  calculi. 

KEI'dkT     OF     CASE 

History. — A  man,  aged  57,  a  tailor,  entered  the  Cook  County  Hospital, 
June  13,  1921.  two  weeks  before  his  death,  complaining  of  abdominal  pains  of 
six  months'  duration,  associated  with  frequent  burning  micturition,  and  a  loss 
of  about  30  pounds  (13.6  kg.)  in  weight.  There  was  no  history  of  pain 
characteristic  of  renal  colic,  although  he  said  that  he  had  suffered  from  pain 
over  the  bladder  when  he  was  20  years  old ;  beyond  this  there  had  been  no 
previous  illnesses.  Venereal  infection  and  alcoholism  were  denied.  He  had 
never  noticed  blood  in  the  urine,  although  it  was  turbid. 

Examination. — The  only  positive  findings  on  examination  were  these.  On 
the  right  side  of  the  abdomen  there  was  a  tender  mass  about  the  size  of  a 
coconut,  extendin.g  from  the  costal  border  to  5  cm.  above  the  umbilicus. 
Roentgen-ray  examination  revealed  the  presence  of  multiple  stones  in  an 
enlarged  right  kidney.  The  cystoscope  showed  the  vesical  mucosa  congested 
without  ulceration.  Ureteral  catheterization  showed  that  the  right  kidney 
did  not  function.  With  1  c.c.  of  phenolsulphonephthalein,  injected  intravenously, 
the  dye  showed  in  the  urine  from  the  left  ureter  in  si.x  minutes,  but  none 
appeared  from  the  right  side  in  thirty  minutes.  The  phenolsulphonephthalein 
test,  intravenously,  yielded  30  per  cent,  in  the  first  half  hour  and  20  per  cent,  more 
in  the  second  half  hour  from  the  left  side.  The  urine  contained  albumin,  pus,  and 
blood,  but  few  casts.  .\  25  per  cent.  solutioR  of  sodium  bromid  was  injected  by  the 
ureteral  catheters,  the  right  side  taking  20  c.c,  the  left  10  c.c.  Roentgenograms 
then  revealed,  on  the  left  side,  a  somewhat  enlarged  left  kidney  with  slightly 
enlarged  multiple  calices;  the  right  kidney  showed  a  pelvis  of  irregular  shape, 
ai)parently  with  escape  of  the  injected  fluid  into  the  substance  of  the  diseased 
kidney.  The  stones  seemed  to  be  not  (■nl\  in  the  kidney  but  also  in  the 
surrounding  soft   tissues. 

Blood  analysis  gave  the  following  figures:  total  nonprotein  nitrogen,  39.27 
mg.  per  hundred  c.c;  urea  nitrogen,  18.4  mg. ;  uric  acid  nitrogen,  2,27;  creatinin 
nitrogen,  1.47.     The  leukocyte  count  was   11,800. 

Following  the  ureteral  catheterization  the  patient  had  a  chill,  and  he 
continued  to  grow  progressively  weaker,  usually  with  a  subnormal  temperature. 
On  June  28,  under  local  anesthesia,  the  right  l<i<lney  was  opened  and  three  large 


*  E'rom  the  Department  of  Pathology,   University  of  Chicago,  and  the  Otho 
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dendritic  caculi,  each  aliout  3  cm.  in  diameter,  were  removed,  together  with 
large  amounts  of  pus.  The  patient  continued  to  sink,  and  died  the  next 
day,   a  postmortem   e.Naniiiialion   being   made   about   six   hours   after   death. 

Xccrofsy  Findings. — The  liodj-  was  that  of  a  medium  sized  man,  with  white 
skin  showing  no  icterus.  The  superficial  lymph  glands  were  not  enlarged. 
There  was  a  recently  sutured  wound,  about  14  cm.  in  length,  in  the  back,  below 
and  parallel  to  the  right  twelfth  rib.    There  were  no  other  external  abnormalities. 

Abdominal  Cavity:  There  was  1  cm.  of  subcutaneous  fat  in  the  midline.  The 
mesenteric  lymph  glands  were  not  enlarged.  The  lower  pole  of  the  left  kidney 
e.xtended  slightly  below  the  crest  of  the  ilium.  The  peritoneal  cavity  was 
free  from  fluid  and  its  surface  was  smooth  and  shiny.  .K  tumor  mass  at  the 
site  of  the  right  kidney  extended  to  the  anterior  axillary  line.  The  colon 
extended  over  and  in  front  of  the  renal  mass  and  was  attached  to  the  liver 
and  mass  by  dense  fibrous  adhesions.  A  white  nodule,  I  cm.  in  diameter,  which 
resembled  a  neoplasm,  was  removed  from  the  peritoneum  in  this  region.  When 
this  was  cut,  it  exuded  a  white,  necrotic,  softened  material.  There  were  no 
adhesions  about  the  spleen  or  gallbladder. 

Chest  Cavity:  There  were  no  abnormalities.  The  meiliastinal  glands  were 
not  enlarged. 

Heart,  .'\orta  and  Vessels:  The  heart  was  large  in  proportion  to  tlic  weight 
of  the  body,  weighing  about  350  gm.  The  coronary  vessels  aiul  their  orifices 
were  normal.  There  was  no  fibrosis  of  the  myocardium.  All  valves  were 
normal.  The  ascending  aorta  showed  a  few  small  yellow  streaks  which  were 
more  numerous  in  the  arch  than  in  the  abdominal  aorta.  The  lymph  glands 
around  the  abdominal  aorta  were  enlarged  and  continuous  with  the  right  kidney 
mass.  The  inferior  vena  cava  was  free  from  thrombi  and  compressed  somewhat 
with  lymph  glands  but  it  was  not  occluded.  The  left  renal  vein  was  compressed 
by  lymph  glands. 

The  trachea  and  esophagus  were  both  normal. 

Lungs:  The  lower  portion  of  the  right  lower  lobe  was  slightly  boggy  and 
contained  little  air;  but  there  was  no  consolidation.  There  was  an  extensive 
calcification  of  one  right  peribronchial  lymph  gland.  The  weight  of  each  lung 
was  400  gm.  The  lower  lobe  of  the  left  lung  contained  small  subpleural 
hemorrhages  and  a  few  small  slightly  consolidated  areas  over  which  the  pleura 
was  smooth  and  glossy.  Yellow  pus  exuded  from  the  bronchi  in  this  region, 
together  with  a  little  fluid. 

Spleen :     There  were  no  gross  changes. 

Liver:  The  liver  weighed  2,120  gm.  The  organ  as  a  whole  was  enlarged; 
the  surfaces  were  rounded,  moist,  swollen  and  soft  in  consistency.  There  was 
no  increase  in  connective  tissue.  The  gallbladder  was  nrirmal  in  size  and 
contained  no  concretions. 

Stomach  :  The  stomach  showed  no  gross  abnormalities.  Below  the  pyloric 
ring  there  were  two  pouches  or  diverticula,  each  about  1.5  cm.  in  size,  in  the 
duodenal  mucosa,  with  no  evidence  of  inflammation  or  ulceration. 

Pancreas  :    This  was  normal. 

Kidneys :  The  left  kidney  was  larger  than  normal,  weighing  300  gm.  and 
measuring  14.5  cm.  long,  7  cm.  wide  and  6  cm.  thick  .  The  organ  was  soft, 
mottled  and  irregular  in  outline  with  a  nonadherent  capsule  which  was  attached 
to  the  perirenal  tissue.  The  cut  surfaces  showed  areas  of  marked  disintegration, 
hemorrhage  and  softening  with  one  abscess.  2  cm.  in  diameter,  underneath  the 
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capsule.  The  Odrtcx  uas  10  mm.  thick.  The  pelvi.s  .showed  no  ulceration.  The 
ureters  were  of  normal  size  and  showed  no  ulceration  lint  contained  ]mrulent 
material. 

The  right  kidney  weighed  i^OO  gm.  It  measured  21  cm.  long,  13  cm.  wide  and 
7  cm.  thick,  and  it  was  adherent  to  the  perirenal  tissue  which  was  indurated 
and  contained  several  aliscesses  up  to  3  cm.  in  diameter.  The  kidney  was 
firmly  adherent  to  the  perirenal  tissue  over  the  entire  surface ;  and  ahout  the 
pelvis,  extensions  of  tumor  growth  had  produced  nodules  and  strands  of 
neoplasm  in  the  perirenal  tissue  itself.  The  ureter  was  completely  occluded 
at  its  junction  with  the  pelvis,  the  lower  portion  of  which  was  completely  filled 
by  masses  of  irregular  cancer  tissue,  about  .S  mm.  thick,  surrounding  the  entire 


Fig.  1. — Squamous-cell  carcinoma  of  tlie  renal  pelvis;  X  60;  showing  the 
infiltration  of  the  submucous  tissues  by  carcinoma  with  formation  of  masses  of 
keratin  scales.     The  lining  of  the  cavity  is  formed  by  stratified  epithelium. 


pelvis.  The  cut  section  of  the  kidney  disclosed  a  complete  loss  of  all  recog- 
nizable kidney  tissue.  The  organ  consisted  essentially  of  a  mass  of  branching 
communicating  cavities  directly  continuous  with  the  pelvis,  some  of  which 
extended  to  the  capsule.  The  surfaces  were  bathed  with  thick  pus  in  which 
a  few  small  remains  of  the  original  calculus  were  found.  Between  the  pus-filled 
cavities  were  masses  of  white  cancer  tissue  with  irregular  necrotic  surfaces, 
in  places  covered  with  blood  clots.  The  cancer  tissue  infiltrated  through  the 
renal  capsule  into  the  perirenal   fat  in  many  places.     The  pelvic  surfaces  were 
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rough;  but  only  occasionally  was  anything  suggestive  of  a  papillary  character 
to  be  seen.  In  some  places  the  shell  of  cancer  tissue  was  only  1  or  2  mm. 
thick ;  in  others,  masses  from  2  to  4  cm.  thick  remained.  The  kidney  consisted 
practically  of  a  pus-filled  cavity  formed  by  distention  and  ulceration  of  the 
renal  pelvis,  with  walls  composed  entirely  of  cancer  tissue.  The  portion  of 
the  stones  obtained  at  the  operation,  together  with  the  fragments  found  at 
necropsy,  weighed  33  gm.,  air  dried  at  room  temperature.  They  constituted 
a  typical  dendritic  calculus  which  had  broken  apparently  spontaneously  into 
three  large  fragments  and  four  smaller  ones.  When  fractured  the  .surface  was 
roughly  crystalline.  The  external  surface  was  lolnilated,  rouglu-nod.  and  showed 
some  soft  deposit  on  a  harder  central  purticm. 


■.t- 


Fig.  2.— Squamous-cell  carcinoma  of  the  renal  pelvis;  X  "0.  Higher  magni- 
fication to  show  the  resemblance  to  squamous-cell  carcinoma  of  the  skin. 

The  lymph  glands  around  the  kidney  were  enlarged,  up  to  5  cm.  in  diameter, 
by  white  neoplastic  tissue,  with  most  of  them  showing  suppurative  softening. 

Suprarenals:  The  left  suprarenal  was  normal;  the  right  was  infiltrated  with 
a  white  tissue,  without  much  enlargement  or  nodule  formation,  apparently  by 
direct  extension   from  the  kidney. 

Bladder:  The  bladder  contained  a  purulent  material.  The  mucosa  was 
hyperemic  and  contained  much  granulation  tissue  about  the  trigon,  together 
with  many  small  hemorrhages  but  no  ulceration  or  tumor  growths.  Both 
ureteral  orifues  and  the  urethral  orifice  were  normal. 
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The   prostate,   seminal  vesicles   and   testicles   were  normal. 

Skeleton :  No  metastases  could  be  foinid.  The  vertebral  column  showed 
marked  exostosis  with  complete  ankylosis  of  many  of  the  vertebral  articulations. 

I Iislolo<iii  h'iiiiliiii/s. — The  white  neoplastic  tissue  which  replaced  the  right 
kidney  and  many  retroperitoneal  lymph  glands,  as  well  as  the  tumor  nodule 
found  in  the  peritoneum,  consisted  everywhere  alike  of  typical  squamous-cell 
carcinoma  characterized  by  extensive  formation  of  whorls  of  stratified  kera- 
tinized epithelium.  It  differed  not  at  all  from  the  keratinizing  carcinomas  that 
are  found  in  the  skin  or  mouth.  Nowhere  were  there  structures  resembling 
the  ordinary  papillary  carcinomas  of  the  renal  pelvis,  or  the  medullary  transi- 


Fig.  3. — Metastatic  squamous-cell  carcinoma  in  a  retroperitoneal  lympli  gland; 
X  60.     Most  of  this  field  is  occupied  by  masses  of  hornilied  epithelium. 


tional  cell  carcinomas.  In  all  parts  of  the  tumor  growth,  both  primary  and 
secondary,  there  was  acute  suppurative  inflammation.  In  none  of  several  sections 
examined  were  any  remains  of  the  kidney  tissue  to  be  seen.  The  right 
suprarenal  was  partly  replaced  liy  carcinoma  of  the  same  type  as  that  in 
the  kidney. 

The  left  kiilney  showed  only  the  usual  changes  of  an  acute  ascending 
suppurative   nephritis. 

No  microscopic  changes   of  present   interest  were   found   in   the  other  organs. 
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.Inatomic  f}iiiijiio.tis. — This  was:  ri^lit  iiei)lin>lithiasis ;  ditTiiso  infiltration 
of  the  right  kiciiicy  and  perirenal  tissues  with  sr|naiTious-celI  carcinoma;  acute 
suppurative  pyeloneiihritis  with  complete  destruction  of  the  parenchyma  of  the 
right  kidney ;  recent  nephrostomy  wound  of  right  kidney  with  drainage ; 
carcinomatous  infiltration  of  right  suprarenal ;  metastatic  carcinoma  nodule  in 
peritoneum ;  secondary  carcinoma  and  suppuration  of  retroperitoneal  lymph 
glands;  ascending  suppurative  nephritis  of  left  kidney,  acute  cystitis  and 
ureteritis;  compression  of  inferior  vena  cava  and  left  renal  vein;  hypertrophy 
of  left  cardiac  ventricle;  senile  arterial  sclerosis,  moderate  degree;  atrophic 
pulmonary  emphysema:  calcified  tuhercle  in  a  right  peribronchial  lymph  gland; 
acute  suppurative  bronchitis  and  early  hypostatic  bronrhojjiieumonia  of  left 
lower  lobe:  acute  parenchymatous  swelling  of  liver,  and  marked  exostosis  of  the 
vertebral  column. 

Samples  of  the  renal  stones  were  mi.xed  together  and  analyzed  for 
ine  by  Miss  Mary  E.  Maver,  who  obtained  figures  indicating  an  average 
percentage  composition  as  follows: 

Ca,(PO.l:  — 7070:    Mg,(P(),),.  21..^5  :   CaCO,.   ".95. 

Xo  oxalic  acid,  uric  acid,  xantliin  or  silicic  acid  was  presiMit. 

This  is,  then,  a  ])hosph;ite  calcidus.  which  is  an  unusual  t\])e  of 
concretion  to  be  found  in  the  renal  pelvis.  There  is  a  current  state- 
ment in  the  literature  to  the  effect  that  renal  calculi  are  ordinarily  com- 
l)osed  chiefly  of  uric  acid  or  urates ;  but  inore  recent  writers  have 
reported  that  calciutn  oxalate  is  usually  the  chief  component.  Row- 
lands '  found  that  twenty-two  renal  stones  were  composed  almost 
entirely  of  calcium  oxalate;  phosphates  were  commonly  ])re.sent,  and 
uric  acid  was  absent  or  was  found  only  in  traces.  Max  Kahn  -  analyzed 
sixteen  stones  and  found  from  29.5  to  94.7  per  cent,  of  calcium  oxalate, 
from  0.2  to  40.6  per  cent,  of  uric  acid,  froin  2.1  to  56.2  per  cent,  of 
phosphorus  pentoxid,  and  no  carbonate.  Only  two  of  the.se  stones  con- 
sisted chiefly  of  phosphate,  and  only  two  had  much  uric  acid  (40.6  and 
23.6  per  cent),  while  all  but  three  had  more  than  70  per  cent,  of  cal- 
cium oxalate. 

Such  calculi  as  the  one  in  this  case,  composed  chictly  of  a  mixture 
of  calcium  and  magnesium  phosphate,  ordinarily  indicate  the  presence 
of  long-continued  ammoniacal  decomposition  of  the  urine.  Under 
such  cases  these  salts  may  precipitate  on  a  previously  existing  urate 
concretion,  and  the  urates  in  time  may  dissolve  out  and  be  replaced  by 
phosphates,  constituting  the  process  of  "metamorphosis"  of  calculi.^ 


1.  Rowlands:    Bioehem.  J.  8:346.  1908. 

2.  Kahn,  Max:    Study  of  the  Chemistry  of   Renal   Calculi,   .\rcli.   Int.   Med. 
11:91    (Jan.)    1913. 

3.  Wells,  H.  Gideon:    Chemical  Pathology.  Kd.  4.  1920,  p.  461. 
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IMSCUSSION     OF     LITERATURE 

The  infrcqiicncv  of  tumors  of  this  sort  is  indicated  by  the  follow- 
ing statement  made  hv  Ewing  *  in  his  work  on  neoplastic  diseases : 

Squamous-cell  carcinoma  nf  the  pelvis  was  described  by  Kundrat  in  1891 
and  later  cases  have  been  reported  by  Rnndlc.  Graupner.  Kiscbensky,  Beisenbrnch 
and  Scheel.  These  remarkable  tumors  are  usually  of  large  size  when  discovered, 
but  Battle  observed  squamous  changes  in  a  small  villous  tumor  of  the  pelvis 
and  Rundle  found  the  upper  ureter  invaded  by  a  squamous  carcinoma  of 
moderate  dimensions.  In  other  cases  the  pelvis  has  been  distended  and  the 
wall  infiltrated  by  a  bulky  growth.  The  kidney  is  either  transformed  into  large 
cysts  l)y  hydronephrosis  or  infdtrated  and  destroyed.  The  squamous  changes 
are  very  pronounced  and  much  of  the  growth  may  be  composed  of  epithelial 
pearls,  many  of  which  are  hornified  or  calcified.  In  Schmorl's  case,  distant 
metastases  showed  tlie  same  structure.  That  the  pelvic  and  ureteral  epithelium 
is  capable  of  extensive  epiderniization  is  well  attested  by  the  reports  of  Wendel 
of  numerous  cases  of  leukoplakia,  usually  associated  with  calculi.  Rokitansky 
described  a  very  advanced  condition,  with  much  scaly  desquamation,  as  "choles- 
teatoma.'' Ziegler  found  marked  epidermization  in  pyelitis  calculosa,  and  Beselin 
reported  an  advanced  case  with  tuberculous  pyelitis.  Yet  all  cases  are  not 
associated  with  calculi  or  leukoplakia,  so  that  the  excessive  hornification  must 
be  regarded  as  a  tendency  inherent  in  the  growth. 

In  a  case  studied  by  the  writer  in  a  woman  of  58  years,  the  kidney  and 
tumor  measured  14  by  19  cm.  The  tumor  involved  chiefly  the  extrapelvic  fat 
but  had  occluded  the  lower  half  of  the  pelvis,  along  which  it  invaded  the  kidney. 
The  renal  cortex  was  thinned  out  over  several  large  smooth-walled  cysts.  The 
ureter  was  destroyed  down  to  the  bladder.  There  were  metastases  in  aortic 
and  mesenteric  nodes  and  in  the  uterus.  The  luain  bulk  of  this  large  tumor 
was  coiuposed  of  hornified  and  slightly  calcified  epithelial  pearls  surrounded  by 
a  moderate  number  of  spindle  or  cubical  granular  epithelium.  The  transition 
from  one  to  the  other  type  of  -■■11  was  very  sharp. 

Kaufmann  sa\s  :  "Stjuanidus  epithelial  cancers  occur,  which  some- 
times follow  ejjidermoid  transformation  of  the  mucosa,  e.g.,  as  a 
result  of  concretions.  In  one  such  case  in  Basle  the  renal  pelvis  con- 
tained a  large  branching  stone  (oxalate  nucleus  with  calcium  salt 
mantle)  weighing  93.1  gm." 

The  case  reported  by  Kischensky "  resembles  my  case  in  many 
resjiects,  especially  in  the  complete  replacement  of  the  entire  kidney  by 
s(|uamous-cell  carcinoma ;  it  also  extended  into  the  liver  and  diaphragm 
and  produced  metastases  in  the  regional  lymph  glands  and  in  the  right 
knee.  There  was  not  only  squamous-cell  cancer  tissue,  but  also  areas 
of  transitional  and  cylindric  epithelial  growth,  and  pa])illomatous 
formations.      In  addition   to  the  hornification   there  was   considerable 


4.  Ewing,  James:    Neoplastic  Diseases,  a  Textbook  on  Tumors,  Ed.  1,  Phila- 
delphia, W.  B.  Saunders  Company,  1919,  pp.  743-744. 

5.  Kaufmann:    Spezielle  path.  .'Xnat.,  Ed.  6,  2:877. 

6.  Kischensky:   Ziegler's   Beitr.  30:.348,   1901. 
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calcification.  However,  in  this  case  no  concretion  was  present.  He 
gives  a  full  discussion  of  tjic  literature  on  tumors  and  metaplasia  of 
the  renal  pelvis  to  that  date. 

While  squanious-cell  cancers  of  the  kidney  are  rare,  as  a  matter  of 
fact,  any  type  of  epithelial  tumor  seldom  arises  in  the  pelvis  of  the 
kidney,  for  in  1921  Miller  and  Herhst  '  in  reporting  a  case  of  papillary 
tumor  of  the  pelvis  mentioned  only  fifty-three  others  as  previously 
reported.  Metastases  were  observed  in  fifteen  of  these  cases. 
Kretschmer,*"  in  1917,  reviewed  the  literature  on  "Primary  Non- 
papillary  Carcinoma  of  the  Renal  Pelvis,"  of  which  he  found  forty- 
three  cases,  including  one  of  his  own.  In  eleven  cases  there  were 
found,  associated  with  the  tumor,  renal  stones.  Necropsies  were 
secured  in  but  nineteen  cases,  with  metastases  found  most  frequently 
in  the  liver  (eight  cases),  and  in  five  cases  there  were  osseous 
metastases.  He  makes  no  particular  reference  to  the  question  of 
hornification,  and  from  his  abstracts  of  the  case  reports  it  is  not  possible 
to  detennine  this  matter  exactly,  since  the  terms  pavement  epithelioma 
and  epidemioidal  cancer  are  used  vaguely.  Apparently  only  about 
five  cases  were  definitely  keratininzing  squamous  carcinomas,  and  in 
three  of  these  renal  stones  were  found.  The  cases  described  by  Kauf- 
mann  and  Ewing  were  not  included  in  Kretschmer's  summary.  In 
all,  I  have  found  eleven  cases  of  stiuamous-ccll  carcinoma  of  the  renal 
pelvis  sufficiently  thoroughly  reported  to  be  un(|uestionable.  In  these 
the  presence  of  calculi  is  mentioned  in  six. 

A  case  reported  by  Primrose "  is  particularly  interesting  since  it 
arose  in  the  pelvis  of  a  horseshoe  kidney  with  calculous  ])vone])hrosis. 
Unfortunately,  necropsy  was  not  obtained  and  only  the  observations 
made  at  operation  are  recorded. 

Recently  Scholl  '"  has  reported  six  cases  of  squamous-cell  carcinoma 
of  the  urinary  bladder,  in  only  one  of  which  did  stone  occur.  In 
reviewing  the  literature  on  the  topic  he  discusses  also  cases  of 
squamous-cell  carcinoma  of  the  renal  pelvis.  He  states  that  in  195 
tumors  of  the  kidney  observed  at  the  Mayo  Clinic  there  was  only  one 
squamous-cell  carcinoma  of  the  pelvis  of  the  kidney ;  but  he  does  not 
mention  whether  there  was  or  was  not  a  stone  present.  This  is  pre- 
sumabiv  the  case  recorded,  but  not  fullv  described,  bv  Wilson." 


7.  Miller.   E.   M..  and   Herhst.   R.   H.:    r'apillary   ICpitliclioma  of  the   Kidney 
Pelvis.  J.  A.  M.  A.  76:918  (April  2)    1921. 

?..  Kretschmer.  H.  L. :  J.  Urology  1:405  (.Auk.)   191". 

9.  Primrose.    .Mexander:     Sqiiamous-Cell    Carcinoma    of    the    Kidney,   J.    A. 
M.  A.  75:12  (July  3)   1920. 

10.  Scholl.   A.  J..   Jr.:     Squamous-Cell   Carcinoma   of   the   Urinary    Bladder, 
Arch.  Surg.  S:3.36  (Sept.)   1921. 

11.  Wilson.  L.   B.:    Collected   Papers  of  the  Mayo  Clinic.  1912,  p    303. 
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Soholl  also  makes  the  following  statement: 

Leber  reports  the  case  of  an  infant  of  4  months  in  wlioni  the  e|)ithelial 
lining  of  the  pelvis  of  the  kidney  was  composed  of  many  layers  of  cells  showing 
cornification ;  a  similar  condition  was  found  in  the  infant's  eye.  This  case 
suggests  a  congenital  origin.  Lecene  holds  that  the  process  in  these  cases 
is  due,  not  to  chronic  inflammation,  but  to  developmental  changes  in  the  genito- 
urinary tract.  Wilson  suggests  that  epidermoid  growths  of  the  pelvis  of  the 
kidney  may  be  due  to  inclusions  of  ectodermal  cells  carried  from  the  rectum 
to  the  kidney  by  way  of  the  cloacal  wall. 

The  last  suggestion  is,  of  course,  purely  hypothetical.  The  frequent 
existence  of  metaplastic  changes  in  the  urinary  tract  from  chronic 
irritation  and  the  fact  that  chronic  irritation  usually  precedes  squamous 
carcinoma  in  the  urinary  tract  provides  adequate  explanation  for  such 
cases  as  have  been  observed. 

As  to  the  frequency  of  squamous-cell  carcinoma  in  the  urinary 
bladder,  Scholl  quotes  the  statement  of  Geraghty  that  in  180  epithelial 
tumors  of  the  bladder  at  Johns  Hopkins  Hospital  there  was  but  one  of 
this  type.  At  the  Mayo  Clinic,  however,  there  were  found  in  333 
neoplasms  of  the  bladder  the  six  cases  of  squamous-cell  epithelioma 
which  Scholl  describes.  Among  113  bladder  tumors  studied  by 
Buerger  ^-  there  were  live  squamous  carcinomas. 

In  their  review  of  the  comparative  pathology  of  renal  tumors  Slye, 
Holmes  and  Wells  ^'^  mention  only  the  following  cases  in  which 
squamous  epithelial  growths  have  been  observed  in  the  kidneys  of 
lower  animals :  "Baird  ^*  has  reported  a  case  of  keratinizing  epi- 
thelioma in  the  kidney  of  a  fowl,  and  Borrel  and  Masson  ^^  have  also 
described  a  renal  tumor  in  a  fowl  which  showed  both  cylindrical  and 
squamous  elements." 

SIGNIFICANCE     OF     MET.\PLASI.\ 

The  occurrence  of  metaplasia  in  the  urinar\'  tract  has  been 
described  especially  often,  presumably  because  the  transitional 
epithelium  has  to  undergo  less  alteration  to  produce  squamous 
epithelium  than  does  the  columnar  epithelium  of  the  bronchi,  uterus 
and  the  gallbladder,  where  metaplasia  has  been  occasionally  observed. 
Richey  '"  has  recently  discussed  the  topic  of  metaplasia  in  the  renal 
pelvis  in  some  detail,  and  makes  the  following  statement : 

That  leukoplakia  may  be  the  predecessor  of  carcinoma  is  indubitable.  Osier 
states   that  20  per  cent,   of  leukoplakia   of  the   tongue   becomes  carcinomatous, 


12.  Buerger,  L. :    Surg.,  Gynec.  &  Obst.  21:179  (,\ug.)  191i. 

13.  Slye,  Holmes  and  Wells  :    J.  Cancer  Res.,  to  be  published. 

14.  Baird,  A.  T. :    J.  Cancer  Res.  2:103  (Jan.)   1917. 

l.S.  Borrel   and   Masson :     Bull,   de   I'ass.    frani;.   p.    I'etude   du   cancer.    Pari 
:172,  1911. 
16.  Richey,  DeW.  G. :    J.  Lab.  &  Clin.  Med.  5:635  (July)   1920. 


WELLS— C  ARC  1  SOMA     OF    KIDXEY  365 

while  Albarran,  Barker,  F.wing  and  otlicrs  indicate  that  IcukoplaUia  in  any 
organ  should  he  watched  carefully  for  inalignancy.  often  heing.  in  the  absence 
of  early  carcinoma,  very  suspicious  of  precancerous  changes.  Morris  collected 
twenty-seven  cases  of  tumors  originating  in  the  kidney  pelvis,  of  which  ten 
were  malignant,  while  recently  Kretschmer  was  able  to  gather  forty-three 
instances  of  nonpapillary  carcinoma  of  the  renal  pelvis,  including  twenty-one 
of  apparent  transitional  or  squamous  type.  The  former  author  states  that  the 
most  frequent  form  of  carcinoma  is  transitional  or  squamous-ccll,  pointing  out 
that  long-standing  irritation  may  lead  to  the  transformation  of  the  renal 
epithelium  to  an  epidermic  character,  with  a  resultant  leukoplakia  which  may  be 
the   starting  point   of   squamous-cell  cancer. 

The  formation  of  inetaplasiic  squamous  epithelium  brings  forward 
two  puzzling  topics,  one  chemical,  the  other  cmhryologic.  The  chem- 
ical peculiarity  is  that  squamous  e])itheliuni  is  characterized  by  the 
formation  of  keratin,  which  is  a  definite  chemical  compound,  formed 
normally,  as  far  as  is  known,  only  by  cells  of  ectodermal  origin,  includ- 
ing the  neurokeratin  of  the  central  nervous  system.  When  cells  of 
endodermal  origin,  such  as  those  lining  the  gallbladder,  or  those  of 
mesodermal  origin,  such  as  those  lining  the  renal  pelvis  or  the  uterus, 
take  on  the  function  of  forming  this  peculiar,  insoluble,  sulphur-rich, 
indigestible  protective  chemical,  keratin,  they  have  assumed  a  chemical 
function  which  seems  to  be  far  removed  from  their  normal  capacity. 
Hence  we  must  conclude  that  metaplasia  involves  not  only  a  mor- 
phologic but  a  chemical  transformation  in  the  cells. 

For  tumor  pathology  another  problem  arises.  When  cells  assume 
the  proliferative  activity  that  is  characteristic  of  malignancy,  they 
usually  lose  their  more  recently  acquired  functions  and  retain  chiefly 
the  simple  vegetative  function  of  proliferation.  But  when  a  transi- 
tional or  columnar  epithelial  surface  becomes  stjuamous  through 
metaplasia,  and  the  same  protracted  irritation  that  produced  the 
metaf)lasia  continues  until  cancer  results,  we  find  that  the  newly 
acquired  property  of  forming  keratin  has  become  fixed  and  the  cancer 
is  a  keratinizing,  squamous-cell  carcinoma.  One  would  expect  the 
epithelium  to  approach  its  original,  simpler  embryonal  character,  rather 
than  exhibit  and  retain  .so  jirofound  and  recently  acquired  an  alteration 
as  the  production  of  keratin. 

SIMM.SRV 

The  formation  of  keratinizing  siiuamous-cell  carcinoma  in  the  renal 
pelvis  is  a  rare  occurrence.  In  the  case  reported,  which  is  of  this 
sort,  the  metaplasia  of  the  transitional  epithelium  to  the  squamous 
form  was  apparentlv  ilu-  n-snlt  of  chnmic  irrit.-ition  from  renal  con- 
cretions. 
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OPEN     PNEUMOTHORAX:     ITS     CAUSATION 

AND     CORRECTION  * 

ERASER     B.     GURD,     B.A.,     M.D. 
Assistant  Surgeon  to  the  Montreal  General  Hospital 

MONTREAL,     CANADA 

Long-continued  suppuration  of  large  cavities  in  open  pneumothorax 
is  followed  by  a  deviation  of  the  spine  to  the  healthy  side.  During 
the  last  two  years,  I  have  had  an  unusual  opportunity  to  study  this 
type  of  case.'  As  a  result  of  these  observations,  I  believe  it  has  been 
demonstrated  that  the  cause  of  the  scoliosis  in  these  cases  is  pressure, 
due  to  the  ribs  on  the  diseased  side,  proof  of  which  is  afforded  by  the 
effect  of  extensive  thoracotomy  in  correcting  the  deformity. 

When  the  lung  is  firinly  hekl  in  a  collapsed  state  by  the  dense 
enveloping  membrane,  which  develops  in  long  standing  cases  of  large 
empyema  cavities,  nature  attempts  to  obliterate  the  dead  space  by 
approximating  the  chest  wall  to  the  fixed  lung.  The  anterior  extremities 
of  the  ribs  fall,  making  their  horizontal  direction  more  vertical ;  the 
intercostal  spaces  become  obliterated,  and  in  very  long  standing  cases, 
such  as  the  case  described  herewith,  the  ribs  overlap  one  another.  The 
shoulder  on  the  affected  side  drops  from  2  to  4  cm.,  or  more,  and  the 
middorsal  and  the  lower  dorsal  spine  are  pushed  over  to  the  unaffected 
side.  In  this  way  a  well  marked  .scoliosis,  with  its  concavity  toward 
the  affected  side  of  the  chest,  is  produced.  The  deviation  of  the 
spinous  processes  from  the  midline  may  be  3  cm.,  or  more. 

In  performing  decortication,  or  pneumolysis,  in  a  series  of  long- 
standing cases,  I  have  fouiid  it  necessary  to  employ,  in  several  cases, 
a  very  extensive  form  of  thoracotomy,  in  order  to  obtain  an  adequate 
exposure  of  the  thorax.  As  a  concomitant  of  the  favorable  results  of 
this  operation,  it  has  been  noted  that  the  scoliosis,  which  was  present 
in  these  cases  prior  to  o[)erati()n,  is  either  entirely  corrected  or  much 
inijjroved. 

If  a  simple  intercostal  thoracotomy  is  performed,  normal  alinement 
of  the  spine  is  dependent  on  return  of  the  affected  half  of  the  chest  to 
full  function.  This,  at  best,  must  be  slow,  and  it  is  difficult  to  imagine 
its  possibility  in  view  of  the  extreme  thickness  ( 1  to  2  cm.,  or  more) 
of  the  parietal  jjleura,  and  the  intercostal  fibrosis  present  in  all  the 
more  chronic  cases. 


*  Rea<l   before   the    fourth   annual   meeting   of   the   .\meriean    .\ssociation    for 
Thoracic  Surgery,  Boston,  June  6,  1921. 

1.  Gurd,  F.  B.:    Canad.  M.  A.  J.  2:408  (June)    1921. 
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Wlicn.  nn  the  other  hand,  a  portion  of  the  lower  part  of  the  chest 
uall  i>  rcniuved,  and  the  upper  ribs  are  divided,  there  is  evident  at 
once  a  marked  change  in  the  shape  of  the  chest.  The  spine,  free  from 
the  pressure  of  the  ribs,  straightens,  and  the  shoulder  returns  to  its 
proper  position.  Pxith  the  anteroposterior  and  the  transverse  diameters 
of  the  (hseased  half  of  the  chest  remain  less  than  those  of  the  healthy 
side ;  but  the  disfiguring  deformity  is  overcome. 

In  ])erfnrming  this  ojieration,  the  incision  follows  the  line  of  the 
niiiili   ril)   trum  the  midline  or  anterior  axillarv  line,  backward  to  the 


'^^T^^mH^^Kj^^ 

/       / 

I^^^HHI^^B  .^J 

rig.  1. — ./,  marked  deformity  and  discharging  .'sinus  through  the  left  hrea.st 
in  patient  B.  C. ;  B,  diagrammatic  drawing  on  photograph,  .showing  marked 
reduction  in  size  of  left  half  of  chest,  together  with  lateral  curvature  of  the  spine. 

angle  of  the  scapula,  where  it  curves  upward  to  about  the  level  of  the 
spine  of  the  scapula  and  ends  midway  between  the  scapula  and  the 
spinous  processes.  From  10  to  15  cm.  of  the  eighth  and  ninth,  and 
occasionally  of  the  tenth  rib,  are  removed,  together  with  the  intervening 
intercostal  tissues,  and  the  underlying  thickened  parietal  pleura.  The 
removal  of  this  portion  of  the  wall  permits  manual,  and,  to  a  limited 
extent,  visual  exploration  of  the  cavity,  and  provides  for  the  introduc- 
tion of  tubes  for  the  subsequent  use  of  di.scontinuous  irrigation  with 
surgical  solution  of  chlorinated  soda  (  Dakin's  solution).  .\s  a  general 
rule,  further  operative  interference  should  not  be  timlertaken  at  the 
primary  o])eration. 
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Fig.  2. — Roentgenogram    (B.    C).   taken   before   operation,    showing   marked 
curvature  of  the  spine  and  displacement  of  the  heart  to  the  right. 


Fig.  3.— Roentgenogram  taken  one  week  after  operation  showing  partial 
correction  of  deformity;  the  clear  area  on  the  left  side  of  the  chest  is  the  site 
of  removal  of  thickened  parietal  pleura. 
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Following  this  partial  thoracotomy,  discontinuous  irrigation  of  the 
cavity  should  be  carried  out  for  two  or  three  weeks,  then  the  i-econd 
stage  of  the  operation  should  be  undertaken.  At  the  second  operatirn, 
5  or  7  cm.  of  the  seventh  rib  is  excised,  and  the  sixth,  tifth,  fourth, 
and,  occasionally,  the  third,  ribs  are  sectioned.  I  have  not  fmind  it 
necessary  or  desirable  to  cut  the  first  two  ril)>,  ;ihli(iugh  that  wmild 
probablv  correct  more  completely  the  lateral  curvature.  .'-^uch  an 
exposure  permits  satisfactory  intrathoracic  operation  in  the  iini.st 
densely  walled  chests,  and  is  followed  by  straightening  of  the  spine. 


Fig.  4. — Roentgenogram  (B.  C).  taken  one  month  after  operation,  showing 
increase  in  the  size  of  the  left  half  of  the  chest,  as  well  as  almost  complete 
correction  of  the  deformity. 

I  ha\e  usually  em])l(iyed  i)aravertcl)ral  procain  anesthesia,  assisted 
from  time  to  time  during  the  operation  by  light  chloroform  anesthesia. 

The  case  reported  herewith  exemplifies  the  usefulness  of  decortica- 
tion in  obliterating  the  open  pnetniiothorax,  arresting  the  sujipuration, 
and  correcting  the  scoliosis. 


KF.I'CRT  OF  CASK 
Hiflnry. — B.  C.  woman,  aged  23.  was  admitted  to  the  .Montreal  deneral 
Hospital,  Sept.  27,  1920.  Since  May,  1916,  she  had  had  a  left  sided  empyema 
which  upon  three  occasions  had  ruptured  spontaneonsly.  Two  sinuses  in  the 
lower  part  of  the  chest  were  healed  at  the  time  of  admission :  but  a  moderate 
purulent  discharge  poured  from  an  opening  through  the  left  hreast  situated 
above  and  toward  the  midline  from  the  nipple.  She  had  lost  55  pounds  (25  kg.) 
and  was  very  emaciated  and  weak,  although  able  to  walk  about. 
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Exaiiiiiuitioit. — The  tenipcraturo  varit-il  from  normal  to  KHU)  !•'.  The  pulse 
rate  was  about  UXI  per  minute.  Blood  examination  revealeil  :  white  hloorl  cells, 
16,(100:  red  blood  cells,  0,000.000;  hemoglobin,  80  per  cent.  She  weiKhed  104 
pounds   (47  kg.). 

The  heart  was  displaced  completely  to  the  right  side  of  the  chest,  tlie  apex 
beat  being  palpable  below  the  right  nipple.  Physical  and  roentgenologic  exam- 
ination indicated  a  complete  cavity  of  the  left  chest. 


Fig.  5. — Roentgenogram  (B.  C),  taken  one  month  af*er  tlioracotomy  and  pul- 
monary decortication,  showing  clearly  the  tendency  of  the  ribs  on  the  atTected 
side  to  overlap  one  another  following  section. 


.\  marked  deformity  was  present.  The  left  side  of  the  chest  was  flattened 
both  in  front  and  behind ;  the  axilla  was  depressed ;  the  shoulder  drooped,  and 
there  was  a  marked  lateral  deviation  of  the  spine,  with  convexity  to  the  right. 
The  right  side  of  the  chest  appeared  fuller  than  normal,  and  respiratory 
movements  were  absent  on  the  left  side.  The  spinous  processes  deviated  to 
the  right,  between  5   and  6  cm.   from   the   midline. 


CURD-SCOLIOSIS  371 

Opcralion. — September  30.  an  incision.  15  cm.  long,  was  made  over  the  ninth 
ril)  in  the  axillary  line.  The  ribs  overlapped  one  another  by  one-third  of  their 
width :  9  cm.  of  the  eighth,  ninth,  and  tenth  ribs  were  resected.  The  parietal 
pleura  was  extremely  dense  and  hard,  and  was  approximately  2  cm.  thick.  The 
cavity,  which  contained  about  40  c.c.  of  foul,  thick  pus,  was  freely  exposed. 
There  was  no  lung  in  the  left  side  of  the  chest,  and  no  respiratory  or  cardiac 
inovements  could  be  felt.  Owing  to  the  marked  deformity  of  the  chest,  the 
whole  left  half  of  the  thorax  was  small.  .A  few  adhesions  crossing  the  cavity 
were  broken  down,  and  the  surface  cleaned  with  gauze.  Two  Carrel  tubes 
were  sutured  in  place,  and  the  wound  closed. 

Course. — For  two  weeks  following  operation,  discontinuous  irrigation  with 
Dakin's  solution  was  carried  out  four  times  a  day.  During  the  irrigations,  the 
patient  w-as  placed  in  such  a  position  that  as  large  an  amount  of  the  cavity 
was  exposed  to  the  solution  as  possible.  For  ten  days,  the  discharge  was  foul. 
It  then  improved  rapidly,  and  by  the  time  of  the  second  operation  it  was  free 
from  odor,  although  there  was  a  moderate  amount  of  purulent  discharge  on  the 
dressings. 

Second  Ol>eralii<ii. — Under  intratrachtal  anisthcsia.  fifteen  days  after  the 
preliminary  operation,  the  incision  made  at  the  last  operation  was  opened,  and 
continued  upward  between  the  spinous  processes  and  the  scapula  as  far  as  the 
upper  angle  of  the  scapula.  The  scapular  muscles  and  the  remainder  of  the 
latissimus  dorsi  were  cut  transversely.  Four  ribs  were  sectioned  upward  from 
the  medial  border  of  the  previous  operation ;  7  cm.  of  the  seventh  ril)  was 
excised,  and  shorter  portions  of  the  fifth  and  sixth  ribs.  The  thickened  pleura 
was  partly  excised,  to  obtain  satisfactory  exposure,  a  procedure  made  necessary 
by  intercostal  fibrous  tissue  and  thickened  parietal  pleura.  With  difficulty,  the 
covering  over  the  lungs  was  removed  completely  over  the  lower  two  thirds ;  above 
this  point  it  was  separated  from  the  lung  surface  and  incised.  The  covering 
over  the  pericardium,  and  over  the  greater  portion  of  the  diaphragm,  was  also 
removed.  Considerable  bubbling  occurred  from  the  surface  of  the  lung  over 
parts  which  had  been  torn  during  decortication.  Although  the  patient  could 
not  be  induced  to  cough,  it  was  obvious  that  the  lung  was  still  expansile.  The 
wound  was  closed  by  catgut  sutures  for  the  muscle,  and  silkworm-gut  for  the 
skin.  Two  long  paraffin  gauze  bismuth-iodoform-petrolatum-paste  drains  were 
inserted  in  the  apex  of  the  cavity  and  brought  out  through  the  lower  anterior 
portion  of  the  wound. 

Kesiitl.— The  patient  stood  the  o|)cration  well.  For  forty-eight  hours  she 
was  moderately  weak,  although  her  pulse  did  not  rise  above  100  per  minute,  and 
the  temperature  remained  practically  normal.  The  drains,  behind  which  was 
found  about  20  c.c.  of  bloody  serum,  were  removed  forty-eight  hours  after 
operation.  The  wound  was  allowed  to  close,  and  forty-eight  hours  later  a 
director  was  passed  into  the  chest.  Only  a  few  drops  of  clear  serum  was 
evacuated.  At  no  time,  subsequently,  was  there  the  slightest  discharge  from 
the  wound. 

The  fourth  day  following  operation,  the  following  note  was  made:  The 
patient  feels  strong  and  is  suffering  but  little  discomfort.  The  deformity  of 
the  chest  has  been  corrected  to  a  considerable  degree.  Scoliosis  is  not  more 
than  2.5  cm.  from  the  midline. 

The  patient  was  di.scharged  from  the  hospital  Nov.  4,  1920.  The  wound  was 
then  soundly  healed ;  her  general  appearance  was  much  improved,  and  she  was 
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Fig.  6. — A,  anterior  view  of  patient  six  weeks  after  operation;  B,  posterior 
view  six  weeks  after  operation. 


Fig.  7. — A,  patient,  six   weeks  after  operation,   showing  lack  of  interference 
with  function  of  the  arm  ;  B,  posterolateral  view  showing  operation  wound. 
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able  to  get  about  without  undue  fatigue.  She  weighed  107  ])i)un(ls  (48.5  kg.)  and 
breath  sounds  of  a  blowing  character  were  heard  througli  the  chest,  except 
toward  the  midline  posteriorly. 

The  left  shoulder  was  practically  on  a  level  with  the  right.  The  deviation 
of  the  spinous  processes  to  the  right  was  less  than  2  cm. 

Since  leaving  the  hospital,  the  patient  has  been  repeatedly  examined.  There 
has  been  a  continuous  improvement  in  her  general  Iiealtli,  although  late  in 
January  she  had  an  attack  of  diphtheria,  lliere  is  now.  May  30,  1921,  moderately 
good  expansion  of  the  left  side  of  the  chest,  and,  although  it  is  obvious  on 
examination  that  the  left  half  of  the  chest  is  smaller  than  the  right,  when  she 
is  wearing  her  clothing  the  deformity  is  not  noticeable.  She  is  at  present 
engaged  at  work  as  a  ward  maid  in  the  hospital.  She  weighs  129  pounds 
(58.4  kg.). 

COMMENT 

Although  in  no  other  case  have  I  encountered  such  a  marked  degree 
of  scoliosis,  in  all  cases  in  which  chronic  infectCd  open  pneumothorax 
has  persisted  for  six  months  or  longer,  there  is  marked  lateral  curvature 
of  the  spine.  Ten  cases  of  this  kind  have  been  observed  in  which 
correction  of  the  deformity  has  followed  extensive  thoracotomy.  In 
one  patient,  who  is  still  under  observation,  decortication  of  the  lung 
did  not  prove  successful  in  inducing  obliteration  of  the  cavity,  and  an 
extensive  resection  of  the  chest  wall  was  performed.  Resection  of  the 
posterior  segments  of  all  the  ribs,  from  the  second  to  the  tenth, 
inclusive,  was  performed.  This  interference  has  been  followed  not 
only  by  correction  of  the  curvature  of  the  spine  toward  the  healthy 
side,  but  also  by  a  moderate  scoliosis  projecting  toward  the  diseased 
side,  as  demonstrated  by  roentgenograms.  Apparently,  in  this  case, 
the  complete  removal  of  pressure  of  the  ribs  upon  the  spine  has  resulted 
in  deviation  of  the  spine  to  the  unsupported  side. 

CONCLL'SION 

Chronic  infected  o])en  pneumothorax  if  long  continued  is  followed 
by  scoliosis.  Curvature  of  the  spine  is  toward  the  healthy  side  of  the 
chest,  and  is  consequent  upon  pressure  exerted  upon  the  spine  by  the 
contracting  ribs  on  the  diseased  side. 

Correction  of  the  deformity  inay  be  accomplished  by  means  of  an 
extensive  thoracotoinv  with  remo\al  and  flivision  of  several  ribs. 


THE     FUNCTION     OF     THE     OALLB  LADDER     IN 
BILIARY     FLOW 

CONRAD    JACOBSON,     M.D. 

SEATTLE 
AND 

CARL    GYDESEN 

MINNEAPOLIS 

Bile,  a  product  of  liver  action,  has  a  dual  nature:  (1)  a  secretion, 
a  digestive  fluid,  produced  in  largest  quantities  and  required  most 
abundantly  during  the  periods  of  digestive  activity;  (2)  an  excretion 
formed  from  the  disintegration  of  hemoglobin  in  the  destruction 
of  red  blood  corpuscles,  a  continuous  process  in  the  body  economy. 
The  physiologically  periodic  outflow  into  the  small  intestine  of  a  fluid 
continuously  produced  is  maintained  supposedly  by  a  reflex  mechanism 
between  the  alimentary  canal  and  the  gallbladder,  the  latter  a  diver- 
ticulum, so  to  speak,  of  the  extrahepatic  passages  in  which  the  bile  is 
supposedly  stored  between  the  intervals  of  gastric  activity. 

In  the  gallbladder  certain  changes  occur  in  the  composition  of  this 
storage  bile.  There  is  a  loss  of  water  by  concentration,  a  change  in 
color  and  an  increase  in  the  specific  gravity  owing  to  the  addition  of 
certain  mucins  and  nucleo-albumins.  Whether  these  changes  are  essen- 
tial to  the  body  welfare  or  concerned  in  the  expulsion  of  bile  from  the 
gallbladder,  it  is  difficult  to  say.  As  a  reservoir  for  bile,  the  gallbladder 
cannot  be  considered  mechanically  adapted  not  only  because  of  its 
relatively  small  capacity  as  compared  to  the  large  amount  of  bile 
secreted  but  also  because  of  its  lack  of  inherent  propulsive  power. 
Certain  features  of  a  physiologic  character,  however,  indicate  that  the 
gallbladder  and  passages  exert  an  important  function  as  regulators  of 
biliary  flow,  and  it  is  with  this  feature  that  this  paper  is  primarily 
concerned. 

ANATOMIC     CONSIDERATIONS 

According  to  Hendrickson  '  and  Helly,-  the  gallbladder  has  a  moder- 
ate amount  of  smooth  muscle  fibers,  not  arranged  with  any  uniformity 
in  definite  muscle  layers  and  coats  but  rather  as  a  smooth  muscle 
complex  with  fibers  running  in  three  directions,  transversely,  longitudi- 
nally, and  obliquely;  the  greatest  number  of  them  run  transversely,  that 


I.  Hendrickson,  W.  F. :  A  Slndy  of  the  .Musculature  of  the  Entire  Extra- 
hepatic  Biliary  System  Including  That  of  the  Duodenal  Part  of  the  Common 
Bile  Duct  and  Sphincter,  Bull.  Johns  Hopkins  Hosp.  9:221-2.32,  1898. 

2.  Helly:  Die  Schliessmuskulatur  an  den  Miindungcn  der  ("lallen  und  der 
Pankreasgange,  Arch.  f.  mikr.  Anat.  54:614,   1899. 
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is.  perpendicular! V  to  the  long  axis  of  the  gallbladder.  There  is  a  small 
amount  of  connective  tissue  between  these  muscle  fibers,  and,  as  a  rule, 
the  walls  are  fairly  well  covered  with  this  muscle  complex.  .As  a  con- 
tractile mechanism,  however,  it  forms  (|uite  a  contrast  to  the  nuire 
definite  muscular  viscera,  such  as  the  urinary  Ijladder,  stomach,  intestine 
and  uterus. 

The  wall  of  the  cy.stic  duct  has  also  a  plexiform  arrangement  of 
smooth  muscle  fibers,  extending  in  the  three  above  mentioned  direc- 
tions, the  transverse  fibers  j)redominating.  with  only  small  amounts  of 
longitudinal  and  oblique  fibers.  That  portion  nearest  the  neck  of  the 
gallbladder  has  a  considerable  amount  of  muscle  tissue;  but  this  gradu- 
ally diminishes  as  the  common  duct  is  a])proached,  so  that  at  the  junc- 
tion of  the  cystic  and  common  ducts  it  is  of  very  small  amount  or 
entirely  ab.sent.  Inside  the  cystic  duct,  there  is  a  peculiar  configuration 
of  the  walls  described  by  Heister  ■'  in  17.32,  and  since  named  after 
him  "Heister's  valve,"  a  "spiral  valve''  arrangement  whose  function 
has  been,  sujjposedly.  to  ])ermit  the  ])assage  of  bile  for  .storage  purposes 
into  the  gallbladder  and  to  allow  its  release  to  meet  the  demands  of 
digestion.  Hartmann  ■*  made  a  careful  macroscopic  examination  of  this 
valve  under  water,  and  Faure  ■'  .studied  it  grossly  by  making  metal 
models.  These  men  noted  the  "bassinet"  sha])e  of  the  cystic  duct 
and  the  angle  it  made  with  the  neck  of  the  gallbladder.  They  con- 
cluded that  it  did  not  have  a  spiral  canal  but  that  the  lumen  was  free, 
with  minor  constrictions  of  the  walls,  producing  a  series  of  valvelike 
projections  not  of  constant  configuration.  These  leaflets  or  valves  were 
most  numerous  in  the  upper  portion  of  the  duct.  The  ujjper  two  were 
the  largest  and  extended  about  three-fourths  the  distance  ar.uuu!  the 
lumen  of  the  cystic  duct,  .so  that  it  would  be  impossible  to  catheterize 
the  duct  without  breaking  the  leaflets;  there  might  be  resistance  to  the 
passage  of  solid  matter  but  hardly,  in  normal  conditions,  to  liquids. 
Terrier  and  Dally  "  supported  this  description,  especially  regarding  the 
presence  of  the  upper  two  large  leaflets,  but  found  a  larger  number  of 
smaller  valves  in  the  lower  part  of  the  duct.  In  the  sjjecimens  they 
examined,  the  number  of  leaflets  ranged  fnnn  four  to  twenty.  Hen- 
drickson  '  has  carefully  studied  the  micr(i>cn]iic  anatomy  of  the  cystic 
duct  valves.    According  tti  him.  the  transverse  muscle  fibers  of  the  wall 
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of  the  cystic  duct  also  run  around  the  valves  or  leaflets  in  a  circular 
direction.  It  is  as  if  the  wall  of  the  duct  was  invaginated  at  the  level 
of  the  valve  and  the  circular  muscle  fibers  carried  out  into  the  fold  thus 
produced.  Mo.st  of  the  longitudinal  muscle  fibers  continue  down  the 
wall  of  the  duct  without  entering  the  valve  but  some  of  these  bend  at 
ritjht  anojcs  rind  enter  the  valve  at  the  proper  level.  The  oblique  fibers 
did  not  enter  the  valve  and  formed  no  part  of  the  musculature  of  that 
structure.  It  is  thus  seen  that  the  transverse  muscle  fibers  are  the 
predominant  ones  in  the  valves  of  Heister.  These  valves  near  the 
comniiin  duct  are  very  small  indeed  and  have  only  a  few  muscle  fibers, 
if  any. 

The  hepatic  and  common  ducts  are  almost  alike  in  microscopic 
anatomy.  There  is  a  very  small  amount  of  muscle  tissue,  with  a  large 
amount  of  connective  tissue  between  them.  These  muscle  strands  are 
mainly  of  the  transverse  variety. 

The  duodenal  portion  of  the  common  duct  has,  during  recent  years, 
received  considerable  attention  as  the  important  feature  of  the  tnechan- 
ism  of  biliary  control.  The  presence  of  some  sort  of  sphincter  about 
the  orifice  of  the  common  duct  was  suggested  by  Glisson."  as  early  as 
1681.  Ruggero  Oddi,**  however,  in  1887  was  the  first  to  describe  a 
sphincter  arrangement,  which  to  this  day  is  known  as  the  sphincter  of 
Oddi.  After  careful  study  of  maceration  specimens  and  microscopic 
sections  of  the  duodenal  end  of  the  common  duct,  he  described  a  definite 
and  independent  ring  of  muscle  tissue  about  the  mouth  of  the  duct, 
entirely  separate  from  the  muscle  of  the  intestinal  wall  through  which 
it  plunged,  some  of  the  delicate  muscle  fibers  of  which  were  reflected 
upon  the  sphincter's  external  surface.  This  sphincter,  according  to  Oddi, 
could  be  put  into  spasm  by  irritation,  mechanical  or  chemical,  from  the 
duodenal  side.  It  was  able  to  withstand  an  interductal  pressure  of 
(i7.T  mm.  of  water:  sphincteric  action  caused  an  intermittent  flow  of  bile 
into  the  duodenum  and  seemed  to  maintain  a  definite  pressure  in  the 
hepatic  duct  system.  Oddi  also  observed  the  dilatation  of  the  extra- 
hepatic  ducts  in  dogs  following  the  removal  of  the  gallbladder.  Oddi 
made  no  attempt  to  demonstrate  this  sphincter  muscle  in  man.  Hen- 
drickson,^  in  1898,  and  Helly,-  in  1899,  confirmed  the  microscopic  anat- 
omy, in  man.  of  the  sphincter  of  Oddi  as  a  special  and  separate  entity 
frrtm  the  intestinal  musculature  through  which  the  common  duct  enters 
at  the  ampulla  of  \'ater.     Archib.-dd,''  in   1912  and   1913,  verified  the 
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action  of  the  sphincter  in  maintaining  an  interductal  pressure  and 
showed  that  incision  of  the  sphincter  causes  a  reduction  of  the  high 
interductal  pressure  from  650  mm.  to  70  mm.  of  water,  which  low  level 
persists  for  many  weeks,  if  not  permanently.  He  observed  the  produc- 
tion of  acute  pancreatitis  by  introduction  of  bile  and  other  substances 
into  the  pancreas  under  pressures  higher  than  the  normal  interductal 
pressures  and  suggested  incision  of  the  sphincter  of  ( )d(li  as  one  of  the 
steps  in  the  surgical  treatment  of  that  condition.  Judd  and  Mann,'"  in 
1917,  by  extirpation  of  the  gallbladder  in  dogs,  demonstrated  the  great 
dilatation  of  the  extrahepatic  ducts  after  cholecystectomy.  Following 
the  operation,  the  sphincter  is  evidently  contracted,  attempting  to  main- 
tain the  normal  interductal  pressure.  The  ducts  as  a  consequence 
dilate,  and  the  sphincter,  under  tiie  continued  pressure,  becomes 
paralyzed,  with  ultimate  reduction  of  the  interductal  pressure. 

NERVOUS     CONTROL 

Heidenhain,"  l!^61,  was  the  first  to  make  accurate  investigation  of 
the  nervous  control  of  biliary  flow.  By  stimulating  the  spinal  cord  in  the 
cervical  region,  he  obtained  an  increased  flow  of  bile  followed  shortly 
afterward  by  decreased  biliary  output.  Contraction  of  the  gallbladder, 
with  expression  of  its  bile  content,  accounted  for  the  increased  flow ; 
the  increased  pressure  in  the  biliary  pas.sages,  produced  by  the  contrac- 
tion, acted  directly  on  the  secretory  cells  and  caused  a  decreased 
secretion. 

Doyon,'-  1893,  by  using  tiic  balli)on  and  recorder  method,  showed 
graphically  that  the  gallbladder  underwent  spontaneous  contractions  of 
a  rhythmic  character.  By  stimulation  of  the  peripheral  ends  of  the 
splanchnic  nerves,  he  obtained  a  slow  contraction"  of  the  gallbladder  and 
the  biliary  passages  while  an  inhibiting  effect  resulted  from  .stimulation 
of  the  central  end.  Inhibition  of  gallbladder  tone  followed  stimulation 
of  the  central  end  of  the  vagus  nerve.  He  believed  that  the  motor 
fibers  reached  the  gallbladder  by  way  of  the  splanchnic  nerves  and  that 
the  vagus  nerve  carried  only  afferent  fibers  from  the  gallbladder. 

Courtada  and  Guyon,"  1904,  evidently  accepted  Doyon's  conclusions 
regarding  the  motor  mechanism  of  the  splanchnic  nerves  and  limited 
their  eflforts  mainly  to  stimulating  the  peripheral  end  of  the  \agus 
nerve,    from    which    they    obtained    definite    motor    responses.      They 
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asserted  that  tliey  liad  (raced  these  motor  fibers  into  the  gastric 
branches  of  the  vagus  nerve  along  the  lesser  curvature  oT  the  stomach 
and  indicated  that  the  motor  control  of  intestine,  stomach  and  gall- 
bladder is  contained  in  one  and  the  same  nerve,  the  vagus  Freeze,'* 
1905,  also  obtained  rapid  rhythmic  spontaneous  contractions  of  the  gall- 
bladder. By  stimulation  of  the  splanclinics,  he  obtained  a  variety  of 
results  leading  to  the  conclusion  that  these  nerves  contained  both  motor 
and  inhibitory  fibers  from  the  gallbladder  but  that  the  motor  fibers 
predominated.  Bainbridge  and  Dale,'''  1903,  also  used  the  balloon  and 
recorder  method,  with  modifications,  and  endeavored  to  remove  a 
number  of  extraneous  factors  which  undoubtedly  influenced  Doyon's 
and  I'Veeze's  conclusions  regarding  the  motor  efifect  of  the  splanchnic 
nerves.  They  seem  to  have  proved  in  no  uncertain  manner  that:  1. 
There  are  spontaneous  rhythmic  contractions  of  the  gallbladder. 
2.  Stimulation  of  the  splanchnics  always  results  in  relaxation  of  the  gall- 
bladder.   3.  The  \agus  contains  the  motor  inner\ation  of  the  gallbladder. 

CllRMICAL      HORMONE     REFLEX      CONTROL 

Claude  Bernartl,"'  18.^6,  was  the  first  to  observe  the  stimulating 
efifect  of  acids  uiion  the  duodenal  orifice  of  the  common  duct,  a  sudden 
gush  of  bile  into  the  intestines  resulting  from  such  an  application. 
Heidenhain,"  1861,  attributed  the  sudden  gush  of  bile  occurring  at  a 
certain  interval  after  a  meal  to  the  stimulating  action  of  the  acid  and 
chyme  upon  the  biliary  papilla,  causing  a  reflex  stimulation  of  the  gall- 
bladder. Rutherford,''  1880,  observed  that  the  introduction  of  nitro- 
hydrochloric  acid  into  the  duodenum  stimulated  liver  secretion. 
W'ertheimer  "  also  observed,  in  1890,  increased  biliary  outflow  in  case 
acid  is  introduced  into  either  the  duodenum  or  upper  jejunum.  Baylis 
and  Starling,'^  1902,  using  purified  specimens  of  secretin  (removal  of 
depres.sor  substance)  intravenously,  obtained  an  increased  secretion  of 
bile  quite  similar  to  the  pancreatic  outflow.     Fleig,-"  1904,  noted  that 
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the  intravenous  injection  of  blood  from  an  isolated  loop  of  duodenum- 
jejunum  into  which  0.5  per  cent,  hydrochloric  acid  had  been  introduced 
caused  a  similar  increase  in  bile  flow.  On  the  other  hand,  Rainbridge 
and  Dale.''  1905,  found  no  reflex  effect  on  gallbladder  contractions  when 
0.4  per  cent,  hydrochloric  acid  was  injected  into  the  duodenum  or  aji])Iied 
directly  to  the  papilla  or  even  when  tlie  papilla  was  electrically 
stimulated. 

Prevost  and  Binet,"'  188S,  found  threat  acceleration  of  biliary  secre- 
tion on  introduction  of  peptone  inin  (he  stcmiach.  Doyon,^-  1897,  on 
the  other  hand,  concluded  that  i)e]jtone  introduced  into  the  stomach 
had  an  inhibiting  effect  upon  the  secretion  of  bile  but  caused  an  expul- 
sion of  bile  from  the  gallbladder  through  vigorous  contractions.  A.scher 
and  Barbera,-^  1904,  injected  peptone  intravenously  into  dogs  with 
permanent  biliary  fi.stula  and  observed  increased  flow  of  bile.  Fleig  ^" 
noted  also  the  increase  in  biliary  flow  on  introduction  of  peptone  into 
the  intestine;  and  since  the  increase  was  more  pronounced  after  ligation 
of  the  cystic  duct,  he  concluded  that  it  was  essentially  .secretory  in 
character,  produced  by  reflex  .stimulation  of  the  liver  cells.  A  moderate 
stimulating  effect  of  meat  extract  upon  the  biliary  flow  in  animals  with 
Pawlow  stomachs  was  noted  by  Bruno ;  but  quite  o])])osite  findings  are 
reported  by  Klodnizka.^''  Fleig ""  found  no  acceleration  of  bile  flow  on 
injection  into  the  rectum  or  into  the  blood  .stream  of  meat  extracts  or 
meat  extract  solutions  of  gjastric  or  duodenal  muco.sa  or  on  intravenous 
injection  of  blood  from  duodenal  loops  that  contained  in  their  lumen  the 
above  named  solutions.  More  recently,  Rost,^''  1913,  working  with 
animals  with  duodenal  and  biliary  fistulas,  asserts  that  he  has  found 
an  inunediate  discharge  of  bile  as  a  result  of  the  contractions  of  the 
gallbladder  and  a  relaxation  of  the  sphincter  of  Oddi  when  jieptnne 
was  injected  into  the  open  duodenal  fi.stula. 

Xasse  and  Ritter  -"  showed  that  a  meat  diet  called  forth  a  larger 
biliary  outflow  than  a  carboiiydrate  diet  and  that  fat,  in  small  quanti- 
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tics,  liad  a  sliniulaling-  effect  upcn  the  liile  flow,  which  was  lacking 
vvilli  larL^i^er  quantities.  Bidder  and  Schmidt-'  found  that  continued 
meat  (Het  increased  the  secretion  of  bile,  while  a  continued  fat  diet 
diminished  the  secretion  to  a  level  found  in  starvation.  The  latter 
conclusion  was  confirmed  by  Prevost  and  Binet  -^  in  1888.  Rosenberg,^'* 
1890,  believed  that  fat  possessed  a  greater  stimulating  eiifect  upon  bile 
secretion  than  either  a  protein  or  carbohydrate  diet ;  his  observations 
indicated  an  interval  or  periodic  secretion  of  bile  at  the  usual  time 
of  feeding,  the  food  itself  not  being  a  necessary  factor.  Albertoni  and 
Barbera,-"  1895,  concluded  that  the  greatest  secretion  occurred  on  a 
protein  diet,  less  on  a  fat  diet  and  very  little  or  insignificant  secretion 
on  a  carbohydrate  diet.  On  a  mixed  diet,  the  ultimate  biliary  elifect 
depended  upon  the  predominant  constituent ;  the  duration  of  secretion 
was,  however,  longest  on  a  fat  diet,  shorter  on  a  meat  diet  and  very 
short  on  a  carbohydrate  diet.  On  a  mixed  diet  the  duration  of  secretion 
also  depended  upon  the  amount  of  fat  and  protein  present.  They  also 
observed  that  while  the  amount  of  bile  secreted  during  starvation 
diminishes  to  a  marked  degree,  there  is  never  a  complete  cessation  of 
secretion  even  up  to  the  time  of  the  death  of  the  animal. 

Schifif,^''  1870,  and  later  Rosenberg,"  1890,  noted  that  introduction 
of  bile  into  the  alimentary  canal  was  followed  by  an  augmented  flow 
of  bile  of  increased  concentration  in  contrast  to  the  usual  diluted  bile 
produced  by  the  action  of  ordinary  cholagogties.  This  led  him  to 
infer  that  the  bile  was  absorbed  and  re-excreted  as  a  whole,  thus  forming 
a  continuous  circulation  of  bile,  as  it  were,  between  the  intestine  and 
the  liver.  Socolofif.'"  \X75.  was  led  to  believe  otherwise,  holding  that 
the  liver  was  incapable  of  resecreting  the  bile  that  had  once  been 
secreted  and  absorbed  into  the  blood  stream.  He  believed  the  augmented 
secretion  was  due  to  the  inechanical  passage  of  these  absorbed  sub- 
stances from  the  blood  which  was  overcharged  with  them.  Rosenberg, 
however,  points  out  that  while  this  would  account  for  the  increased 
secretion,  it  would  hardly  account  for  the  increased  concentration  which 
is  found  experimentally. 

Okada,^-  1914,  in  a  well  managed,  e.xtensive  series  of  feeding  experi- 
ments on  dogs,  with  permanent  biliary  fistulas  and  ligation  of  the  com- 
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mon  duct,  by  feeding  by  stomach,  the  more  normal  way.  and  by 
excluding  many  extraneous  factors  and  extending  his  observations  over 
longer  periods  after  feedings,  confirmed  or  refuted  many  of  these 
former  diversified  conclusions.  ]-~rom  his  experimental  findings  he 
drew  these  conclusions:  1.  There  is  little  difference  between  the  secre- 
tory eft'ect  of  a  diet  of  bread,  butler  and  meat  during  six  or  seven  hours 
if  these  substances  are  introduced  in  quantities  of  similar  caloric  values. 
?..  Starvation  decrea.ses  the  secretion  of  bile  and  also  the  stimulating 
eft'ect  of  feeding  upon  the  liver.  3.  Fat,  acid,  peptone,  meat  extract, 
bile  and  bile  salts,  all  produce  increa.sed  secretion  of  bile.  Bile  and  bile 
salts  produce  an  augmentation  of  concentrated  bile,  the  others  of  a 
more  dilute  bile.  4.  Cane  sugar,  water  and  sodium  carbonate  have 
little  or  no  efi'ect  upon  the  secretion  of  bile.  5.  Intravenous  injections 
of  secretin  and  peptone  cause  increased  secretion  of  a  dilute  bile.  6. 
Biliary  flow  in  response  to  acid  .stimulation  exhibits  a  course  quite 
similar  to  that  displayed  by  the  pancreatic  secretion. 

L.\W     OF     CONTRARY     INNERV.\TION 

In  1917  Meltzer  ^^  applied  the  law  of  contrary  innervation  to  ex])lain 
the  interrelated  and  coordinated  action  of  relaxation  of  the  sphincter 
of  Oddi  and  the  simultaneous  contraction  of  the  gallbladder  in  the 
mechanism  of  biliary  control.  He  had  previously  noted  "that  the  local 
application  of  a  25  per  cent,  solution  of  magnesium  sulphate  to  the 
duodenal  muco.sa  had  caused  a  completely  local  relaxation  of  the  intes- 
tinal wall."  Xo  such  action  was  noted  when  the  .salt  was  introduced 
through,  the  stomach.  He  made  the  practical  suggestion  that  in  some 
pathologic  conditions  this  coordinated  nervous  mechanism  might  be 
disturbed,  as  by  some  spasticity  or  rigidity  of  the  sphincter.  In  such 
cases,  the  in.stillation  of  concentrated  magnesium  sulphate,  through  a 
duodenal  tube,  might  cause  a  relaxation  of  the  nonfunctioning  sphincter, 
with  relief  of  the  distressing  symptoms  caused  by  cessation  of  biliary 
flow  into  the  duodenum. 

Lyon.''*  in  a  large  series  of  cases  and  in  several  articles,  claims  to 
have  confirmed  Meltzer's  theory  in  a  ])ractical  manner.  The  instillation 
of  concentrated  magnesium  sulphate  into  the  duodenum  by  a  duodenal 
tube,  in  human  subjects,  was  followed  by  the  evacuation  of  bile  in 
large  quantities ;  s.nd  he  has  been  able  to  segregate  and  examine  the 
bile  coming  from  (1)  the  common  duct,  (2)  the  gallbladder,  and  (3) 
the  liver.  He  believes  that  the  method  is  of  much  moment  in  the 
nonsurgical  drainage  of  the  gallbladder  and  biliary  j)assages.     He  con- 


33.  Mcltzcr:  The  Disturbance  of  the  Law  of  Contrary  Innervation  as  a 
Pathological  Factor  in  Diseases  of  the  Bile  Ducts  and  the  Gallbladder,  Am.  J. 
M.  Sc.  153:469-477   (.April)   1917. 

.34.  Lyon,  B.  B.  V. :  Diagnosis  and  Treatment  of  Diseases  of  the  Gallbladder 
and  Biliary  Tract.  J.  A    M    A    73:980  (Sept.  27)   1919. 
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>'u\lt>  conccntratt'il  ma^iifsiinn  sulphate  a  "chemical  messenger," 
hdrnioiie.  which  has  Ihe  ability  not  only  to  cause  relaxation  of  the 
sphincter  of  tlie  conmion  bile  duct  hut  also  to  cause  simultaneously 
the  contraction  of  the  gallbladder  and  the  expulsion  of  its  contents. 

No  definite  laboratory  demonstration  of  the  law  of  contrary  inner- 
vation in  the  gallbladder  mechanism  has  ever  been  shown  and  it  is  with 
this  feature  that  the  experimental  data  herewitli  given  have  been 
concerned. 

EXPERIMENTAL     DAT.A 

Examination  of  the  duodenum  of  a  dog  during  the  fasting  stage 
reveals  a  slightly  elevated  papilla  discharging  no  bile.  Inserting  a  fine 
dropping  glass  cannula  into  the  lumen  of  the  common  duct  through  the 
papilla,  one  can  obtain  a  sudden  gush  of  a  few  drops  of  bile,  bile  from 
the  common  duct  and  biliary  passages,  maintained  there,  no  doubt,  by 
the  competent  sphincter  of  Oddi.  There  then  follows  a  drop  of  bile 
at  long  intervals,  this  bile  being  the  continuous  secretion  of  the  liver. 
During  digestion,  there  is  a  continuous  flow  of  yellow  thin  bile  into 
the  duodenum.  The  papilla  then  is  easily  stimulated  to  contraction  by 
rubbing  with  gauze,  flicking  with  the  finger  or  by  chemical  irritation. 
The  duct  appears  suddenly  to  contract,  becomes  slightly  erect,  and  the 
flow  of  bile  ceases  for  from  fifteen  to  thirty  seconds.  Relaxation  fol- 
lows and  the  continuous  flow  of  bile  is  reestablished.  In  the  fasting 
stage  relaxation  of  the  closed  sphincter  was  readily  obtained  by  mechan- 
ical and  chemical  irritation,  being  followed  by  a  .small  momentary 
expulsion  of  bile.  It  is  extremely  difficult  to  say  whether  the  papilla 
alone  was  stimulated;  the  reaction  always  seemed  to  include  the 
duodenum  surrounding  the  base  of  the  papilla,  and  if  the  stimulus  was 
great  enough,  to  involve  the  whole  segment  of  the  duodenum  and  even 
to  cause  a  progressive  peristalsis. 

SPHINCTER      PRESSURE 

\Mth  the  ampulla  exi^osed  through  an  opening  in  the  duodenum, 
with  a  right-angled  cannula  inserted  into  the  common  duct,  with  the 
open  end  toward  the  ampulla  and  connected  with  a  pressure  Ijottle 
filled  with  water  deeply  colored  with  methylene  blue  as  an  indicator, 
the  sphincter  pressure  was  determined  in  a  series  of  dogs.  By  carefully 
elevating  the  pressure  bottle,  a  level  is  reached  at  which  there  is  a 
continuous  flow  of  colored  fluid  through  the  paiiilla.  When  the  pres- 
sure bottle  is  lowered  slowly,  there  is  a  spurt  of  bile  through  the  orifice, 
decreasing  in  quantity,  with  every  respiratory  efTort,  the  respiratory 
impulse  being  transmitted  through  the  diaphragm  to  the  intestine  as  a 
wave.  This  continues  until  a  still  lower  level  is  reached  where  no 
Hind  is  e.xpelled  through  the  orifice.  The  lower  level  represents, 
undoubtedly,   the  absolute   pressure   maintained   or   supported   by   the 
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sphincter  of  Oddi.  The  former  level  seems  to  represent  this  sijhincter 
pressure  phis  the  resistance  of  the  valvelike  effect  produced  hy  the 
oblique  course  of  the  terminal  end  of  the  common  duct  through  the 
duodenal  wall.  Local  application,  by  a  cotton  swab  or  by  dropper,  was 
then  made  to  the  papilla  and  neighboring  duodenum  of  ( 1 )  25  per  cent, 
magnesium  suli)hate.  (2)  5  per  cent,  peptone  solution,  (3)  0.4  per  cent, 
hydrochloric  acid.  (4)  0.4  per  cent,  sodium  hydroxid.  Measurements 
of  the  sphincter  pressure  both  before  and  after  application  in  each  case 
were  made.  The  reaction  appears  to  be  mainly  a  local  one,  affecting 
both  the  papilla  and  the  duodenum.     It  is  of  short  duration  and  normal 


TAI'.I.l-;  1. — Determin.mion  of  the  Pressures  at  the  Sphinctek  of  Oddi 
IN  A  Series  of  Dogs 


Pressures  in  Mm.  of  Water 

Animal 

1 

Animal 
2 

Animal 
S 

Animal 
4 

Animal 
5 

Animal 
6 

Animal 

7 

Animal 

8 

Norimil: 

140 
90 
«l 

100 
40 
60 

92 
72 
20 

92 

114-52 

40 

96 
112 
24 

2V0 
160 
110 

156 
62 
94 

160 
112 
48 

148 

ao 

118 

144 

150 
6 

3« 
100 
264 

104 
48 
56 

102 
70 
32 

110 

142-70 

40 

112 

320-82 

SO* 

190 
110 
80 

110 
60 
SO 

106 
82 
24 

116 
70 
46 

122 

128 

6 

170 
94 
76 

100 
42 
58 

104 
86 
18 

98 
62 
36 

104 

180-82 

22' 

340 
140 
200 

150 
60 
90 

148 
96 
50 

152 

268-78 

74 

148 
122 
26 

420 
210 
210 

210 
120 
90 

184 
142 
42 

200 
80 
120 

190 

320  180 

lOf 

244 

114 

130 

Magnesium  .Siilplnitc: 

Sphinctor  prp.«surc — before. . . 
Spliinctor  prr.«siire— nftor 

108 
38 
70 

Peptone, .'.  per  cent,  .solution: 
Sphineter  pres.surc— belorc.. . 
Sphincter  pressurr — after 

120 
84 
36 

Aciil.  0.4  per  cent,  hydrochloric: 
Sphincter  pressiin'— before.. . 
Sphincter  pressure— after 

182 
410-72 

eo 

Alkali.  OA  per  cent,  sodium  hy- 
.Iro.Niil: 
Sphincter  pressure— before... 
Sphincter  pressure — after 

126 

673-460 

334f 

*  Return  to  normal  pressure  in  fire  minutes. 
t  I*rolonifed  increase  in  intcrductal  pressure:  i 


return  to  normal  in  twenty  minutes. 


conditions  are  readily  established.  The  results  in  eight  typical  cases, 
in  dogs  ranging  from  35  to  45  pounds  (  15.9  to  20.4  kg.)  in  weight, 
are  given  in  Table  1. 

EFFECT     OF     MACXESIUM     SULPHATE     ON     SPHINCTER     PRESSURE 

1.  The  absolute  sphincter  pressures  here  determined  are  somewhat 
lower  than  those  usually  given.  Oddi '  and  Archibald  °  found  unusually 
high  values,  from  650  to  675  mm.  of  water.  Herring  and  Simpson  '''■ 
report  pressures  of  from  200  to  300  mm.     .Mann  ^'''  finds  most  of  tliem 


3.'>.  Herring  aiul  .Simpson  :  The  Pressure  of  P.ik-  Secretion  and  the  .Mechan- 
ism of  Bile  .Absorption  in  Obstruction  of  the  Rile  Duct.  Proc.  Roy.  Soc. 
London  79:517-532,   1907. 

.36.  Mann.  I.  C. :  The  Function  of  the  Gallbladder:  .\n  Kxperiiiicntal  Study. 
New  Orleans  M.  &  S.  .1.  71:80  (Aug.)   1918. 
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raiif;inj,f  brlween  1(10  and  150  mm.  AlcW'liortcr  "'  reports  thi-  majority 
lietwffn  100  and  JOO  mm.,  with  some  as  low  as  50  mm.  and  others  as 
hig-li  as  5S0  mm.  of  water.  .Smoothness  of  ane.sthesia,  peristalsis,  trans- 
milted  respiratory  pressure,  pressure  from  contiguous  organs,  all  have 
their  effect  in  modifying  the  results  obtained;  one  gains  the  ini])ression, 
howe\er,  that  if  .'Ul  the  extraneous  factors  could  be  removed,  the 
absolute  ])ressure  maintained  by  the  papillary  sphincter  of  Oddi  would 
be  mucli  Idwer  tlian  usually  supjiosed,  probably  less  than  150  mm.  of 
walrr. 

2.  Magnesium  sulphate  does  produce  a  relaxation  of  the  papillary 
sphincter  with  reduction  of  the  interductal  pressure.  As  Meltzer  lias 
said,  it  jiroduces  a  "completely  local  relaxation";  it  involves  the  sphincter 
and  the  surrounding  duodenum,  and  with  an  increase  in  the  amount 
of  the  magnesium  salt,  there  is  segmental  relaxation,  leading  to  advanc- 
ing peri.stalsis.  The  latter  is  especially  well  marked  when  magnesium 
sulphate  in  larger  an^ounts  (from  5  to  10  c.c.)  is  injected  through  the 
wall  into  the  lumen  of  the  bowel.  .A  regular  advancing  peristalsis  of  the 
duodenal  tube  follows. 

3.  Local  application  of  magnesium  sulphate  is  followed  by  a  momen- 
tary relaxation  of  tlie  sphincter  followed  by  a  spurt  of  bile  from  the 
]iapillarv  orifice  and  a  lowered  intraductal  pressure.  Normal  pressure 
is  readily  established,  usually  in  less  than  two  minutes  and  most  com- 
monly in  less  than  one  minute.  When  larger  amounts  of  the  magnesium 
salt  are  left  in  the  unopened  bowel,  the  relaxation  may  be  of  longer 
duration  and  complicated  by  the  characteristic  active  peristalsis.  It  is 
cjuite  imix)ssible  from  the  determinations  made  to  concludis  whether 
there  was  ])roduced  a  local  complete  relaxation.  McWhorter  does  not 
find  the  s])hincter  completely  relaxed.  Making  the  determinations  as 
quickly  as  ])ossible,  the  lowest  intraductal  pressure  found  in  the  animals 
under  obser\ation  was  30  mm.  of  water.  AlcWhorter  has  also  rejxtrted 
changes  in  the  intraductal  pressure,  from  the  application  of  magnesium 
sulphate  to  the  duodenal  mucosa,  of  from  50  to  100  mm.  of  water. 

4.  Much  less  relaxation  was  obtained  by  application  of  a  5  per  cent. 
I.ieptone  solution.  Acids,  0.4  ]jer  cent.,  tend  to  lie  followed  by  a  con- 
trai'tion,  with  increased  intraductal  pressure  but  with  a  subsequent 
decrease  in  pressure  greater  than  that  caused  by  jieiitone.  As  a  rule, 
alkali,  0.4  per  cent,  sodiurn  hydroxid,  was  followed  by  a  contraction  and 
a  long  enduring  increase  in  the  intraductal  pressure,  the  return  to  normal 
being  delayed  in  some  instances  to  twenty  minutes.  There  seems  to 
be  a  definite  .shrinking  of  the  nnicosa  with  the  stronger  acids  and 
alkalis,  and  ibis  no  doubt  alters  the  findings.     Acids  and  alkalis,  .stronger 


37.  McWliorliT,  (,.  L. ;  The  Surgii-al   Si.gnilicancc-  of  the  Common  Bile  Duct 
Sphincter,  Surg.,  C.vnec.  &  Ohst.  32:124-129  (Sept.  17)   1921. 
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tlian  0.4  ])cr  cent,  would  not  be  encountered  in  the  duodenum  normally, 
and  such  results  would  have  no  special  relation  to  the  normal  human 
mechanism. 

Attcmjits  were  made  to  show  grapliicall\-  the  chanj^'c  in  the  intra- 
ductal ])ressure  in  the  common  duct  and  in  the  gallbladder,  if  any,  from 
the  ajjplication  of  magnesium  sulphate  to  the  duodenal  mucosa  and  the 
biliary  pai)illa.  The  pressure  is  quite  low  and  it  was  difficult  to  get  a 
graphic  record  of  the  pressure  change.  A  cannula  was  inserted  into 
the  common  duct  of  an  unusually  large  dog.  To  the  free  end  was 
attached  a  very  thin  rubber  balloon  filled  with  water  and  in  equilibrium 
with  the  intraductal  pressure.  This  was  introduced  into  a  glass  tube  or 
bulb  tilled  with  oil  and  connected  to  a  delicate  piston,  a  lever  recording 
manometer  to  record  on  a  revolving  smoked  drum.  Any  change  in  the 
intraductal  pressure  was  accompanied  by  a  movement  of  the  lever.  Two 
difteretit  methods  were  used  to  determine  the  gallbladder  pressure.  In 
one  there  was  cannula,  balloon,  water  and  oil  manometer  system,  like 
that  used  for  the  common  duct.  In  the  other  method,  a  balloon  of  very 
thin  rubber  was  inserted  into  the  gallbladder,  filling  it  completely.  The 
balloon  was  filled  with  thin  oil  and  connected  with  a  recording  mano- 
meter and  smoked  drum.  In  no  case  was  there  any  evidence  of  a 
change  in  the  gallbladder  pressure,  either  in  the  nature  of  a  relaxation 
or  of  a  contraction  of  the  gallbladder  itself,  as  a  result  of  the  ap])Iication 
of  the  magnesium  sulphate  to  the  duodenal  mucosa.  A  definite  fall  in 
the  intraductal  pressure  in  the  common  duct  was  demonstrated. 
Figure  1  shows  a  definite  lowering  of  pressure  in  the  conmion  duct  and 
no  a])i)reciable  change  in  the  gallbladder  pressure  on  the  a])plicalion  of 
25  i)er  cent,  magnesium  sulphate  to  the  mucosa  of  the  duodenum. 

f..\LL15LADDER    PRESSURE     .VXD     M.ACNESHNf     SILI'II  ATI-. 

The  absence  of  any  definite  gallbladder  effect  due  to  the  application 
of  concentrated  magnesium  sulphate  to  the  duodenal  mucosa  and  the 
biliary  papilla  was  further  substantiated  by  the  following  procedures. 

1.  A  fine  water  manometer  attached  to  the  gallbladder  .showed 
neither  rise  nor  fall  in  pressure  on  such  application  of  magnesium  sul- 
phate to  the  duodenum,  though  it  was  accompanied  by  a  relaxation  of 
the  spliincter  of  (Jddi  and  by  a  spurt  of  yellow  bile  through  the  pa])illary 
orifice. 

2.  With  a  fine  right  angled  dro]j]jing  cannula  inserted  into  and 
attached  to  the  fundus  of  the  gallbladder,  the  gallbladder  normally 
empties  itself  according  to  the  following  rate  and  curve  plotted  for  that 
particular  cannula  and  gallbladder :  first  five  minutes,  .59  drops ;  second 
five  minutes,  55  drops ;  third  five  minutes.  48  drops ;  fourth  five 
minutes,  38  drops;  fifth  fixe  minutes.  28  dro])s.  and  sixth  five  minutes, 
10  drops. 
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When  concentrated  magnesium  sulphate  was  applied,  there  was  no 
change  in  the  rate  or  curve.  If  a  relaxation  followed  such  an  appli- 
cation, one  would  expect  the  altered  curve  to  take  the  general  form 
indicated  by  the  dotted  lines  C  in  Figure  2.  If  a  contraction  had 
followed  such  application,  tlie  cur\e  would  take  the  general  form 
illustrated  by  the  Curve  B. 

FU;W    OF    GALLIiLADDER     BII.K     AM)    OF    LIVER     I'.II.l-: 

The  common  duct  was  catheterized  with  a  fine  dropping  cannula  and 
the  normal  biliary  flow  ascertained  in  drops  for  five  miiuite  intervals. 
Five  c.c.  of  bile  was  carefully  removed  by  an  aspiration  needle  from 
the  gallbladder  and  replaced  by  5  c.c.  of  strong  methylene  blue  bile 
solution  in  order  to  have  an  indicator  of  gallbladder  bile,  should  it  be 
e.xpelled  through  the  cannula.  Drops  from  the  cannula  were  recorded 
electrically  on  the  revolving  smoked  drum.  Five  cubic  centiineter 
amounts  of  25  per  cent,  magnesium  sulphate,  of  .^  i)er  cent,  peptone, 
of  .^  per  cent,  meat  extract,  of  0.4  per  cent,  hydrochloric  acid,  and  of 
0.4  per  cent,  .sodium  hydro.xid  were  injected  into  the  duodenum  by 
needle  through  the  bowel  wall  and  the  biliary  flow  was  registered  on  the 
drum.  Return  to  normal  flow  occurred  usually  one  half  hour  before 
another  substance  was  injected.  Ether  anesthesia  was  maintained  as 
evenly  as  ])ossible.  This  procedure  was  carried  out  in  eight  animals. 
Three  representative  findings  are  given  in  T.'ible  2.  b'igure  ?<  gives  the 
curves  of  these  effects  for  Aniinal  1. 

The  data  show  an  increased  biliary  flow  on  injection  of  acid,  meat 
extract,  peptone  and  magnesium  sulphate,  with  increasing  amounts  in 
the  order  named.  There  was  only  moderate  increase  in  the  flow  fol- 
lowing the  magnesium  sulphate  and  practically  none  with  the  alkali. 
The  earliest  augmentation  was  noted  with  the  acid  and  the  most 
delayed  with  the  peptone.  The  bile  secreted  was  that  characterized 
as  "liver  bile,"  a  thin  yellowish  fluid  of  low  specific  gravity.  These 
results  conform  quite  well  with  Okada's  findings  in  animals  with  biliary 
fistula  and  in  feeding  by  stomach.  There  were  variations  noted  in  the 
bile  flow  with  changes  in  the  respiratory  rate,  depth  of  anesthesia,  with 
peristalsis  and  at  times  suggestive  of  cumulative  effects  of  the  sub- 
stances injected.  In  no  case,  however,  was  gallbladder  bile  expelled  or 
was  there  any  evidence  to  indicate  contraction  of  the  gallbladder. 
Crohn,  Reiss,  and  Radin,'"  in  a  recent  article,  report  that  they  also 
failed  to  see  any  evidence  of  gallbladder  bile  being  discharged  even 
during  active  digestion ;  and  thev  found  no  substance  capable  of 
causing  expulsion  of  the  bile  from  the  gallbladder  when  applied  to  the 


^.  Crohn,  B.  B. :  Reiss,  J.,  and  Radin,  M.  J. :  Kxpericnces  with  Lyons  Test 
(Magnesium   Sulphate   Lavage  of  the  Duodenum),  J.  .\.   M.   .\.   76:1567-1571 
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(kuxk'nal  mucn.sa.  They  were  led  In  believe  that  the  gallbhukler  was 
decidedly  an  inactive  organ  that  tdnk  little  action  in  the  physiologic 
production,  storage  or  expulsion  of  the  liile.  In  the  experimental  work- 
herein  recorded,  the  onlv  inst;ince  in  which  gallbladder  bile  was  obtained 
from  the  coniiuon  duct  cannula,  except  on  forcible  mechanical 
expression  from  the  gallbladder,  occurred  on  introduction  of  200  c.c. 
of  0.4  per  cent,   hydrochloric  acid  into  the  duodenum.     Confirmatory 
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Fig.  2. — Effect  of  apiilioation  of  concentrated  nia.ynesinni  snluliate  on  rate 
of  biliary  flow:  A.  rate  of  How;  B.  curve  illustrating  rate  following  contraction, 
and  C,  curve  illu.strating  rate  following  rela.\ation. 


of  the  wcn'k  of  (  )k;ida,  there  occurred  in  every  case  a  long  enduring, 
pronounced  increase  of  flow  of  thin,  ililute  vellowish  bile.  In  three 
of  eight  instances,  howe\er,  the  flow  throughout  was  stained  with 
methylene  blue,  indicati\e  of  gallbladder  bile  under  the  conditions  of 
the  experiment.  In  no  other  instance  was  gallbl.iddcr  liile  seen  in  the 
flow  nor  \\a>  there  an\'  \isilile  manifestation  of  an\'  contraction  of 
the  gallbladder,     l-'igure  4  shows  the  lont;'  endurint/  bili;ir\-  flow  follow- 
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ing  the  introduction  of  200  c.c.  of  0.4  per  cent,  hydrochloric  acid  into 
the  duodenum  and  the  simihirity  of  its  flow  to  the  ])ancreatic  secretion 
under  the  same  stimulus. 

The  experimental  data  herein  presented  fail  tn  indicate  that 
magnesium  sulphate  caused  any  contraction  of  the  galll)ladder  or  ])ro- 
duced  anv  expulsion  of  its  bile  content.  Recently,  Dumi  and  Connell.'" 
in  a  human  subject,  witii  duodenal  fistula   and    from   wlioiii  the   gall- 

T.\BLE  2. — EsTiM.MiON  of  Time  of   Sf.cretion  of   Bile   in   the   Dog 


Magnesium  sulphate: 

Before  injcetion 

After  injwtion 

Peptone  solution.  5  per  cent.: 

Before  injection 

After  injection 

Meat  cjttraet.  Ti  per  cent,  solution: 
Before  injection 

After  Injection 

Aci<l.  hyilroeliloric,  0.4  per  cent.: 
Before  injection 

A  f  t  cr  inject  ion 

Alkali,  sodium  hydroxid,  0.4  per  cent 
Before  injection 

After  injection 


\m 

19 

1  i 

14 

39 

22 

35 

19 

32 

18 

38 

1< 

53 

28 

58 

27 

32 

22 

28 

27 

Tliin  yellow  bile 
No  gallliladdcr  bile 


Thin  yellow  bile 
Ko  gallblaiidiT  bile 


'rhin  ytllow  bile 
No  gallbladder  bile 


Thin  yellow  bile 
No  gallbladder  bile 


Thin  yellow  bile 
No  gallbladder  bile 


bladder  and  common  duct  had  been  removed,  were  able  to  get  the 
increased  biliary  flow  and  the  sequence  of  "A,  B,  C  Bile"  from  the 
injection  of  magnesium  sulphate  either  into  the  stomach  or  into  the 
duodenum.    This  sequence,  according  to  Lyon's  theory,  depended  upon 


39.  Dunn,  .\.  D.,  and  Connell.  K. :  Report  of  a  Case  of  Hepatorliiodenostomy, 
With  Some  O'lservations  on  the  Lyon-Mcltzer  Method  of  Biliary  Drainage, 
J.  .\.  M.  .\.  77:1093-1096  (Oct.  1)    1921. 
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AI^CIIirBS     OF    SURGIIKV 


the  integrity  of  llie  j^allbladder  and  the  cdninicm  duct  and  tiie  expvdsidii 
of  their  contained  bile  under  ihe  effect  of  this  ccmeentrated  magnesium 
sul])hate  solution. 

I-'L'NCTION      OK     Till':     OALI.Hl.ADIiIlK 

It  seems  quite  evident  that  the  niajnr  ])art  (if  the  hiliary  secretion, 
the  digestive  fluid  at  least,  is  produced  liy  hormone  stimulation  to  meet 
the   demands   of   digestion   and   in   a   manner   identical   with   that   con- 


■ 1  1  M    '  1  I  L  !  ]  I  1    1  1  1  1 

_ .  .  .  .     .J^.    \.  -  .  .  Lbj-a*- 

...  .yL'.  ...     .  V  ,        ■     F 

*                                                                           *      '          /i  '"1-4— r-]       1                 \                            1 

1       '       '//                       ^^  Ss.               \  1^                 ' 

1  'J  A               '^'Sw.  T  ih4'4i- 

,  /  AjT  '■^h.f.         *     ^"^^          1^  ^  s 

^n                               i/  /      1 .    ,.         -       ^  '     1        "s 

^i.._j__i_  ^_+ .  i^(\L^ ^      "-T 1^  JSLl  ^ ^^ 

...     .     "^y^       l^^- /"^^"^ ^ 

1    ,         ^  '''O^  V\\    i    1                                        V                                       B  ■•  ■*          T  F 

•                                                                                        1     pJ     '          1                           .J^'^'                                                     '  F"  ■             •'1 

r?                       +  ±ii^-^-iT":  :iX!AljL"!!:.               :    : 

o                    -                 -|IiJ_j :  ULiiiJ.,!-^ 

50.     

o«           V- 

o                           it      3C 

S     50.     -   -               -                      -                            __      - 

40.                   _-             _-           __        - 

^  *•    \ 

^^^■^^^^e^t V?;^>:t.X^».,- 

30.                                              /       -J-    5^                 V 

!!_— -_^^!-l4TlT-l-U+,^^  .-.- 

^°'         --    '"'"       _:; ;  lijifeijLiii:  Jilbiiitfe.;-  : : 

x 

10.   ---  ::::::::E|j|jijE-:::  ::::       ::::::___ 

— i:::::ji:::::::±;--::::::::ii-::::::::: 

it    - 

±     ; 

Ulnutee.  5.     10.    -   5.        10.      16,      20,      25.     30. 

Fig.  3.— Effects  of  injection  of   acid,  meat  extract,  alkalis,  jiriitone  and  mag- 
nesium sulphate  on   rate  of  liiliary   tlow. 

trolling  the  jiancreatic  secretion.  The  period  of  most  abundant  bile 
production  seems  to  coincide  with  the  passage  of  the  acid  chyme  into 
the  intestine,  and  the  liver  continues  to  produce  it  as  long  as  the 
digestive  functions  demand  it.  The  smaller  portion  of  the  biliary  flow, 
the  continuous  secretion,  finds  its  way  into  the  gallbladder  and  is  there 
.stored  up  until  active  digestive  processes  allow  its  evacuation.  As  a 
reservoir,  the  gallbladder  lias  been  said  to  be  poorly  adapted  mechanically 
for  such  a  function,  both  because  of  its  small  relative  capacity  to  the 
large  amount  secreted  during  the  twenty-four  hours  and  also  because 
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of  its  lack  of  inherent,  efficient  [jropulsive  powers.  Mayo  *"  has  indi- 
cated tiiat  its  storage  capacity  is  only  from  one  fortieth  to  one  fiftieth  of 
the  twenty-four-hour  secretion,  and  Mann'"  states  that  it  can  afford 
storage  for  about  the  amount  secreted  in  one-half  hour  of  active  liver 
function. 

Under  normal  conditions,  one  does  not  meet  with  a  distended  gall- 
bladder, distended  as  that  organ  may  become  under  certain  pathologic 
or  mechanical  conditions.  In  common  duct  obstruction  we  may  see 
a  tense  well-filled  gallbladder;  but  one  does   not    encounter  the   huge 
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Fig.  4. — Comparison  of  biliary   flow  and  pancreatic   secretion   following  the 
introduction  of  200  c.c.  of  0.4  per  cent,  hydrochloric  acid   into  the  duodenum. 

distended  bladder.  This  is  usually  explained  by  .saying  that  the  storage 
of  bile  ceases  when  the  biliary  pressure  is  equal  to  the  secretory  pressure 
of  the  liver,  usually  given  as  350  mm.  of  water.  The  liver  at  this 
pressure  does  not  cease  to  secrete  bile ;  but  this,  probably,  is  the  pressure 
at  which  the  bile  secreted  escapes  from  the  obstructed  bile  ducts  into 
the  blood  stream  at  the  margins  of  the  liver  lobules.  The  large  distended 
gallbladders  are  encountered  in  cystic  duct  obstruction  in  which  the 
gallbladder  is  distended,  not  with  the  bile  from  the  liver,  but  with  its  own 
secretion,  produced  as  a  result  of  a  jjathologic  condition  of  the  gall- 


40.  Mayo,  W.  J.:  "Innocent"  Gallstones  a  Myth.  J.  .\.  M    A    56:1021    (.April 
8)    1911. 
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l)!ad(lc'r  wall.  *  )n  the  ulhcr  hand,  inci"ea>e  in  prt's>nre  in  the  finidu^i 
of  the  gallbladder  tends  to  prevent  enifv  nr  rxit  of  bile  to,  or  from, 
the  gallbladder  beyond  a  certain  pressure  by  kinking  the  S-shaped  ])or- 
tioii  of  the  neck  of  the  gallbladder  and  cystic  duct.  Inability  to  express 
bile  from  the  gallbladder  by  manual  pressure  ma)'  or  may  not  be 
indicative  of  a  ])athologic  condition  of  the  bladder.  (  )ne  can  till  the 
gallbladder  with  fluid  to  a  very  high  pressure,  almost  to  the  point  of 
rupture,  and  get  no  flow  from  the  cystic  duct;  straightening  out  the 
neck  and  the  cystic  duct  by  a  little  pressure  on  the  S-shaped  portion 
will  immediately  produce  an  .abundant  flow  nf  Ijile.  '  )ne  can  readily 
see  how  this  S-shaped  [jortion,  neck  or  ampulla  of  the  gallbladder,  pre- 
vents the  gallbladder  from  becoming  overdistended  and  also  how  an 
inflammatorv  condition  of  the  gallbladder  and  biliary  passages  might 
so  modif\-  the  conhguration  of  the  neck,  ampulla,  cystic  duct  and 
leaflets  as  to  make  it  a  nonfunctioning  gallbladder. 

In  a  recent  article,  Rous  and  McMaster  ■*'  have  given  us  an  insight 
into  another  function  of  the  gallbladder  and  biliary  jiassages.  Using 
bile  pigment  in  the  bile  as  the  criterion,  they  found  a  concentration  of 
bile  to  ten  times  the  normal  in  gallbladders  which  had  been  emptied 
and  allowed  to  fill  in  vitro.  In  distended  bladders,  the  concentration 
was  about  nine  times  the  normal  in  the  twenty-four  hours.  Mere 
passage  of  bile  through  the  gallbladder  concentrated  the  bile  from  two 
to  four  times.  This  was  done  by  the  abstraction  of  water.  The  gall- 
bladder was  thus  made  a  rather  capacious  organ  not  so  much  from  its 
size  as  from  its  singular  power  of  reducing  the  bulk  of  the  fluid  reach- 
ing it.  Bv  this  concentrating  power  it  was  enabled  to  maintain  the  liver 
output  between  the  periods  of  gastric  activity.  According  to  these  men, 
the  gallbladder  and  the  ducts  have  opposite  influences  upon  the  bile. 
Stasis  of  bile,  connected  with  or  in  conjunction  with,  the  gallbladder, 
always  results  in  a  thick,  black  syrupy  bile  due  to  this  concentrating 
eft'ect  of  the  gallbladder.  (  )n  the  other  hand,  stasis  of  bile  unassociated 
with  the  gallbladder  results  in  a  thin  "white  bile"  due  to  the  diluting 
effect  of  a  specific  duct  secretion.  The  ducts  evidently  have  the  power 
of  secreting  a  characteristic  fluid  of  their  own  even  under  pressures 
great  enough  to  cause  distention  of  tlieir  tough  and  inelastic  walls,  a 
secretion  that  is  devoid  of  cbolates  even  when  the  rest  of  the  organism 
is  heavily  jaundiced. 

As  far  as  has  been  ascertained  clinically,  the  removal  of  the  gall- 
bladder has  resulted  in  no  special  detrimental  effects.  In  the  Mayo 
Clinic,  cholecystectomized  patients  showing  no  untoward  symptoms  have 
been  followed  for  more  than  fifteen  years.  Mann  has  kept  cholecystec- 
tomized dogs  for  three  and  one-half  years,  and  they  appear  to  be  normal 


41.  Rous,  P.,  and  McMaster,  P.  D. :  Concentrating  Activity  of  the  Gallbladder, 
J.  Exper.  Med.  34:47  (July)  1921;  Pliysiological  Causes  for  the  Varied  Char- 
acter of  Stasis  Bile,  J.  Kxper.  Med.  34:7.S   (July)    1921. 
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as  far  as  nutrition  and  outward  appearances  are  concerned.  Judd  and 
Mann  have  shown  the  great  dilatation  of  the  extralie]Kitic  passages  and 
the  reduction  of  intraductal  ]>ressurc  witli  relaxation  of  the  sjjhincter  of 
Oddi  following  removal  of  the  gallhladder.  lusendrath  and  Dunlavy  *^ 
and  Haberer  and  Clairmont  "  have  reported  cases  in  which  the  incom- 
pletely removed  cystic  ducts  have  dilated  to  form  structures  similar  to 
the  gallbladder  and  which  supposedly  functiim  like  one.  Rost  ^''  has 
shown  that  animals  subjected  to  cholecystectomy  formed  two  groujjs : 
( 1 )  those  with  continent  sphincters  and  with  dilated  bile  ducts,  the  action 
of  which  was  similar  to  that  of  a  gallbladder;  (2)  those  having  inconti- 
nent sphincters  and  with  little  or  no  dilatation  of  the  ducts.  In  these 
there  was  a  constant  dribbling  of  bile  into  the  duodenum.  During  fasting 
periods,  in  certain  of  these  animals,  the  biliary  flow-  was  .so  profuse  as 
to  be  voided  in  the  stools.  Rost  has  also  found  a  decrease  in  the  secre- 
tion of  bile  and  pancreatic  juice  in  cholecystectomized  animals  after  a 
test  meal  or  after  the  injection  of  large  amounts  of  acid  chyme  into 
the  duodenum. 

The  gallbladder  seems  mechanically  placed  as  a  distensible  pouch 
or  bag  interposed  in  a  system  of  biliary  tubes  for  the  purpo.se  of 
minimizing  extremes  of  pressure  within  that  .system,  as  when  bile  comes 
too  rapidly  from  the  liver  or  when  its  passage  into  the  duodenum  is 
prevented  by  the  sphincter  of  Oddi.  It  is  doubtful  whether,  under 
normal  conditions,  the  intraductal  or  gallbladder  pressure  ever  exceeds 
350  mm.  of  water,  the  pressure  required  for  obstructive  symptoms. 
Forced  movements  of  the  abdominal  muscles,  of  diaphragm  and  con- 
tiguous organs  produced  by  excessive  respiratory  movements,  struggling, 
vomiting,  violent  peristalsis,  all  undoubtedly  ])roduce  fluctuations  in  pres- 
sure that  are  equalized  by  the  gallljladder.  The  production  of  mucus  and 
the  concentrating  power  of  the  gallbladder  itself  in  contrast  to  the 
biliary  passages  are  indicative  of  some  distinctive  and  purposeful  differ- 
entiation of  that  organ  for  present  function  or  possibly  of  a  function 
that  is  more  actively  important  in  the  cmbryologic  history  of  that  struc- 
ture. The  fact  that  on  removal  of  the  gallbladder  no  special  detrimental 
effects  develop  clinically  may  also  be  indicative  of  the  wonderful  adapti- 
bility  of  the  human  mechanism  to  such  an  altered  condition  as  well  as 
confirmatory  of  any  lack  of  present  function.  One  wonders  whether  the 
gallbladder  is  in  the  same  category,  with  respect  to  function,  as  the 
vermiform  appendix. 


42.  Eisendrath,  D.  M.,  and  Dunlavy,  H.  C. :   The  Fate  of  the  Cystic.  Duel 
.After  Cholecystectomy,  Surg.,  (lyiiec.  &  Ohst.  26:110  (Jan.)    1918. 

43.  Haberer  and  Clairmont :    Experimentelle  Untersuchungen  iibcr  das  Vcr- 
halten  des  Cysticusstumpfes  nach  Cholecystectomie,  .\rch.  f.  klin.  Chir.  78:679. 
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SUMMARY 

1.  Hile  as  a  secretory  product  of  the  li\er  is  produced  probably 
iliroui^h  liornione  stinuilation  associated  with  the  production  of  acid 
cliyim-  in  the  stomach.  The  height  of  bihary  flow  is  coincident  with 
the  passage  of  the  acid  chyme  into  the  duodenum. 

2.  There  is  a  marked  similarity  between  the  curve  of  bile  i)ro(luction 
and  that  of  pancreatic  secretion. 

3.  The  smaller  continuous  secretion  of  the  liver  is  stored  in  the 
gallbladder,  which  acts  as  a  reservoir,  until  e\acuated  by  the  demands  of 
digestion.  The  storage  capacity  of  the  gallbladder  is  augmented  bv  its 
remarkable  concentrating  power. 

4.  The  S-shaped  configuration  of  the  neck  and  anipulla  of  the  gall- 
bladder prevents  overdistention  of  the  gallbladder.  When  over- 
distended  it  prevents  the  exit  of  bile.  By  altering  the  peculiar  con- 
figuration of  this  portion  of  the  gallbladder  and  cystic  duct,  inflamma- 
tory conditions  may  readily  produce  a  nonfunctioning  gallbladder. 

.^.  The  sphincter  of  Oddi,  a  definite  muscle  entity  at  the  duodenal 
end  of  the  common  duct,  sustains  an  absolute  pressure  of  about  150  mm. 
of  water.  The  gallbladder  undoubtedly  equalizes  the  great  fluctuations 
in  this  pressure  due  to  movements  of  the  abdominal  muscles  and  con- 
tiguous organs.  Chnlecystectomy  tends  to  produce  a  lowered  intra- 
ductal pressure  .'[nd  a  rela.xed  tone  of  the  sphincter  of  Oddi.  The 
sphincter  i^  pnilialil\-  muler  rt'llex  nerMms  control  associated  with  the 
passage  of  aci<l  chyme  into  the  ducidenmn  and  with  intrinsic  movements 
of  the  duodenum  itself. 

fi.  Magnesium  sulphate  does  ])roduce  a  complete,  local  relaxation 
of  ilie  (luoden.il  w.ill  and  the  papillary  sphincter,  with  reduction  of  the 
intraductal  pressure.  Relaxation  is  transient  and  is  usually  accompanied 
by  a  flow  of  bile  from  the  orifice. 

7.  There  was  no  evidence  that  concentrated  magnesium  sulphate 
produced  any  contraction  of  the  gallbladder  or  any  specific  change  in  the 
gallbladder  pressure.  The  augmented  biliary  flow  from  its  application 
is  probably  due  to  the  evacuation  of  the  bile  from  the  bile  ducts  as  a 
result  of  sphincter  relaxation  and  also  to  the  stimulating  effect  of  the 
salt  uj)on  the  liver  secretion. 

8.  h'low  of  bile  from  the  gallbladder  has  been  produced  in  certain 
cases  by  injection  of  large  amounts  of  0.4  per  cent,  hydrochloric  acid 
into  the  duodenum.  This  probably  is  the  mechanism  of  its  discharge 
at  the  beginning  of  digestion. 

9.  The  production  of  mucus  and  the  concentrating  power  of  the  gall- 
bladder are  suggestive  of  .some  purposeful  differentiation  of  that  struc- 
ture, although  its  removal  has  been,  in  human  beings,  without  any 
definite.  clinic;dl\'  demonstrable  deleterious  eft'ects. 
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XKW    OKl.KANS 

Since  the  original  ;>tucly  of  this  series  proved  lliat  lliere  are  so 
many  possible  sources  of  error  from  lack  of  proper  appreciation  of  the 
appearance  of  normal  joints  at  all  ages,  effort  has  been  made  to  study 
the  hip.  knee  and  shoulder  in  a  manner  similar  to  the  methods  adopted 
in  studying  the  elbow.  The  fact  that  there  arc  more  sources  of  error 
in  interpreting  the  elbow  tlian  in  any  other  joinl  in  the  body  encouraged 
further  study. 

Francis  Howard  Williams,  in  1902,  made  the  following  statement : 
"The  x-rays  are  of  assistance  in  pointing  out  delayed  union  of  the 
epiphyses  and  when  we  are  familiar  with  the  appearance  to  be  expected 
of  the  epiphyses  at  different  ages — that  is  to  say,  when  we  have  made 
a  physiological  scale,  we  may  find  that  we  have  gained  a  method  of 
estimating  the  general  condition  of  the  younger  patients  in  regard  to 
their  development."  ^ 

In  the  light  of  the  foregoing  statement,  made  twenty  years  ago,  it 
is  remarkable  that  no  such  .systematic  study  has  heretofore  been 
published. 

We  can  arrive  at  some  idea  of  how  varied  are  the  ideas  relative  to 
the  knee  by  quotations  from  the  best  authorities  of  different  periods. 

Jonathan  Hutchinson  may  fairly  be  expected  to  express  the  best 
thought  of  his  time  on  the  subject.  In  a  lecture  before  the  Royal 
College  of  Surgeons,  in  1894,  he  ^  states,  in  regard  to  the  lower  epi])hysis 
of  the  femur.  "There  is  no  epiphysis  of  so  much  practical  importance 
as  the  lower  epiphysis  of  the  feiuur.  Theoretically,  we  might 

expect  a  separation  to  occur  beyond  the  twentieth  year.  The  epiphysis 
includes  the  whole  articular  surface,  and  its  separation  must  imply 
injury  to  the  synovial  membrane."  Hutchinson  further  calls  attention 
to  several  valuable  points  which  should  be  kept  in  mind  by  a  surgeon 
dealing  with  this  joint  in  the  young:  the  adductor  tubercle  is  at  the 
upper  limit  of  the  epiphysis,  and  both  heads  of  the  gastrocnemius  are 
attached  to  the  epiphysis.  Another  statement  is  made,  which  is  inter- 
esting fn  a  general  way,  if  not  particularly  bearing  on  the  point  in  hand : 
"It  was  far  easier  to  separate  the  ejiiphysis  than  to  rupture  the  liga- 


1.  Williams.  F.  H.:    Roentgen  Rays  in  Medicine  and  Surgery,  1902.  p.  459. 

2.  Hutchinson.  Jonathan:    Brit.  M.  }..   March  M.   1894. 
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inenl^  nf  the  kmx'."  When  we  compared  the  work  of  Hutchinson  with 
that  lit  kd.ss  and  'i'aylor,  (hiring-  the  past  ten  years  on  sprains,  we 
can  ajiprcciate  how  keen  the  ohservations  of  men  like  Hutchinson  were. 
Another  several  years,  and  the  infrequency  of  sprains  will  be 
appreciated. 

J.  Hogarth  Pringle ''  states:  "One  (center)  for  the  lower  extremity 
(femur)  appears  shortly  before  birth  and  fuses  with  the  diaphysis 
about  the  twentieth  year.  ...  In  the  tibia,  the  upper  epiphysis, 
from  which  both  the  tuberosities  and  the  tubercle  are  developed,  begins 
to  ossify  at  birth  and  joins  the  diaphysis  at  from  the  twenty-first  to  the 
twenty-fourth  year.  .  .  .  There  is  sometimes  a  separate  center 
for  the  anterior  tubercle  which  shows  at  the  eleventh  or  twelfth  year. 
In  the  fibula,  the  upper  epiphysis  begins  to  ossify  about  the 
fourth  year  and  joins  the  shaft  at  the  twenty-second  to  the  twenty- 
fourth  year."  Reference  to  texts  on  the  subjects  of  the  appearance, 
development  and  ossification  of  the  epiphyses  of  the  knee  is  of  interest. 
Quotations  from  some  of  the  foremost  texts  will  be  of  service. 

In  Gray's  "Anatomy"  it  is  stated  that  ossification  appears  within  the 
lower  epiphysis  of  the  femur  during  the  ninth  month  of  fetal  life,  and 
is  not  complete  within  this  center  until  the  twentieth  year ;  further, 
concerning  the  development  of  the  patella,  that  this  occurs  from  a  single 
center  which  makes  its  appearance  about  the  third  year;  that  more 
rarely,  this  bone  is  developed  by  two  centers  placed  side  by  side,  and 
ossification  is  completed  about  the  age  of  puberty. 

In  speaking  of  the  tibia,  it  is  stated  that  the  center  for  the  upper 
epiphysis  appears  before  or  shortly  after  birth;  it  is  flattened  in  form 
and  has  a  tongue  shaped  process  in  front  which  forms  the  tubercle; 
and  the  upper  epiphysis  of  the  tibia  joins  the  shaft  about  the  twentieth 
year. 

In  Piersol's  ".Aiiatcmiy,"  the  statement  is  made  that  the  lower 
epiphysis  of  the  femur  is  joined  by  the  age  of  20  and  often  earlier;  the 
patella  is  not  fully  formed  until  after  puberty — perhaps  not  before  the 
age  of  18;  the  center  of  ossification  for  the  upper  end  of  the  tibia 
appears  usually  during  the  last  month  of  pregnancy;  and  the  upper 
epiphysis  extends  farther  down  in  front,  to  form  the  tubercle,  which 
may  have  a  separate  nucleus.  According  to  Rambaud  and  Ranault, 
this  is  the  usual  occurrence,  appearing  at  froin  8  to  14  years,  and  quickly 
joining  the  epiphysis,  and  the  U]i])er  epiphysis  joins  the  shaft  at  about 
19  or  20  years  of  age. 

Scudder  in  bis  textbook  on  fractures  says:  "The  lower  epiphysis 
of  the  femur,  the  largest  epiphysis  of  the  body,  appears  shortly  before 
birth,  attains  a  good  size  by  2  years  of  age,  and  unites  with  the  diaphysis 
at  from  the  twentieth  to  the  twenty-third  year."     He  states  regarding 


3.  Pringle,  J.  Hogarth:    Fr;u-tun.-s.  1910,  p.  154. 
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the  tibia:  "The  epiphysis  of  the  upper  end  of  the  tibia  appears  at 
about  the  first  year  and  unites  to  the  shaft  at  the  twentieth  to  the 
twenty-second  year." 

Cotton,  in  his  work  on  "Joiiil  Fractures  and  Dislocations,"  avoids 
mention  of  the  age  at  which  ossification  of  the  e])iphyses  of  the  lower 
end  of  the  femur  and  the  upper  end  of  the  tibia  takes  place. 


•js^r-'-m!*: 


Figure  1 


Figure  2 


Fig.  1. — Normal  knee,  age  1  year. 
Fig.  2. —  Normal  knee,  age  2  years 


Roberts  and  Kelly  write:  "The  lower  epiphysis  of  the  femur 
includes  the  entire  articular  surface  of  the  lower  end  of  the  bone.  It 
is  the  largest  epiphysis  of  the  body,  and  unites  with  the  diaphysis  from 
the  twentieth   to   the  twenty-first   year.      .  The   tubercle   and 

upper  epiphysis  of  the  tibia  ossify  from  a  single  centre,  and  unite  with 
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the  (lia])hysis  from  the  twenty-lirst  to  the  twenty-second  year.  The 
tubercle  at  first  is  cartilaginous,  and  ossification  extends  downward 
from  the  epiphysis  as  a  long  tongue-shaped  projection." 

OliSERVATIONS 

I'liiui  a  review  of  the  literature,  it  would  seem  that  all  are  agreed 
that  the  lower  epiphysis  of  the  femur  appears  before  birth;  but  there 
does  not  seem  to  be  a  unanimity  of  opinion  as  to  the  time  of  complete 
ossification  and  union  with  the  shaft.  Such  statements  as  "about  the 
twentieth  year  or  earlier,  twentieth  to  twenty-third  year,  and  up  to  the 
twenty-fifth  year"  are  found  in  the  anatomies  and  texts  commonly 
referred  to. 

From  our  observations,  it  seems  justifiable  to  state  that  c(jmplete 
ossification  and   union  of  the  lower   epiphysis  of  the   fenuir  with  the 

TABLE    1. — OriNioNs    Kecakding   Time  of   Ossification    of   Upper 

Epiphysis  of  Tibia 

Author  Beginning  Ossification  Complete    Ossification 

Pringle     At  birth 21st  to  24th  year 

(Iray    Before  or  sliortly  after  birth.   .About  20th  year 

Piersol During    last    month    of    preg- 
nancy       .About    19th    or   20th    year 

Scuddcr    About   first  year 20th   to   21st   year 

T.ABLE  2. — Opinions  Regarding  Time  of  Ossification  of  Lower 
Epiphysis  of  the  Femur 

.'\uthor                                   Beginning  Ossification  Complete   Ossification 

Hutchinson    P.eyond  20th  year 

Pringle   Shortly   before  birth .\bout  20th  year 

Gray    N'inth  month   fetal  life 20th   year 

Piersol 20th   year  or  earlier 

Scudder    Shortly   before  birth 20th   to  23d  year 

Cotton     No  mention  made  of  age  of 

ossification 

Roberts  and   Kelly 20th  to  21st  year 

Stimson    Epiphysis     may     not     unite 

with  shaft  before  25th  year 

shaft  takes  place  between  the  eighteenth  and  nineteenth  year  con- 
stantly. In  some  instances,  complete  ossification  and  union  with  the 
shaft  have  taken  place  during  the  fifteenth  year  (Fig.  14  .'^),  and  again 
a  similar  condition  has  been  noted  during  the  sixteenth  year  (Fig.  16). 

It  may  be  argued  that  development  occurs  sooner  in  tropical  and 
semitropical  climates.  This  cannot  be  disputed,  but  it  would  prove 
interesting  if  our  observations  should  be  either  verified  or  corrected 
for  other  climatic  conditions. 

There  is  a  decided  divergence  of  opinion  in  the  literature  as  to  the 
time  of  complete  union   of   the  upper  epiphysis  of  the  tibia.     From 
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Table  1  and  quotations  in  the  portion  of  the  paper  dealing  with  this 
phase  of  the  question,  it  can  lie  seen  that  union  is  su])ix)sed  to  take 
place  at  any  time  between  the  nineteenth  and  twenty-fourth  years. 

In  this  series  of  observations,  the  epiphyseal  line  cannot  be  made 
out  after  18  years  and  11  months  (  Fijj.  18). 

Aside  from  this  fact,  the  upper  epiphysis  (if  tlic  til)ia  presents 
several  interestinj^  plienomcna  wliich  are  worthy  of  nicire  than  passing 


Figure  3  Figure  4 

Fig.  3. — Normal  knee,  age  3  year.s. 
Fig.  4. — Normal  knee,  age  4  years. 

comment.  It  should  be  noted  that  normally  the  upper  epiphysis  of  the 
tibia  is  in  the  same  perpendicular  planes  as  the  lower  ei)iphysis  of  the 
femur,  and  any  deviation  laterally  should  arouse  suspicion  that  there 
is  a  displacement  of  one  of  the  two. 

Second  and  most  important,  the  tubercle  of  the  tibia  is  a  downward 
projection  of  the  upper  epiphysis  of  the  tibia  which  makes  its  appear- 
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ance  about  tlie  eleventh  year.  At  times  tlie  projection  seems  widely 
separated  from  the  shaft.  This  may  give  rise  to  the  opinion  that  there 
is  a  fracture  of  the  tubercle  of  the  tibia,  or  "spur"  formation.  The 
latter  was  the  interpretation  which  was  made  by  a  roentgenologist 
recently  (Figs.  12  B  and  \4I->).  At  times,  the  tubercle  seems  to 
develop  from  two  separate  centers  of  ossification,  thus  sinnilating  a 
fracture  within  the  tubercle  itself  (Fig.  15). 


-Xonnal  knee,  age  5  year 


The  tubercle  is  completely  joined  to  the  shaft  by  the  nineteenth 
year. 

The  patella,  according  to  Gray,  is  completely  ossit'ied  "about  the 
age  of  puberty."  The  time  of  the  appearance  of  the  patella  is  given 
by  Gray  as  "about  the  third  year." 

Piersol  says  that  it  is  "not  fully  formed  until  after  puberty  and 
probably  not  until  the  eighteenth  year."  The  patella  is  noted  in  this 
studx  for  the  first  time  during  the  fifth  year  (  Fit;-.  ?  B  ) .  It  makes  its 
appearance  just  opposite  the  epiphyseal  line  of  the  lower  end  of  the 
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femur.  The  patella  presents  the  most  variable  appearance  of  all  struc- 
tures about  the  knee,  as  evidenced  by  Figures  SB.  GA  and  8.  At 
times,  the  patella  seems  to  ossify  through  two  centers  within  cartilage 
(Fig.  8).  The  development  is  progressive,  but  the  relative  position 
of  the  joints  of  development  is  unchanged;  that  is.  tiic  middle  is 
opposite  the  original  site  of  the  epiphyseal  line.  At  abciul  14  years, 
the  patella  seems  to  have  reached  its  full  bony  develojiment — seenus 
because  it  is  difficult  to  say  what  the  ultimate  size  will  be  in  a  par- 


Fig.  6. 


age  6  years  and 


ticular  case.  It  can  be  asserted  that  by  this  time  it  ])Ossesses  the  con- 
tour, and  relative  to  the  surrounding  structures,  a  full  development 
for  the  bone. 

The  upper  epiphysis  of  the  fibula  is  not  evident  before  the  fifth 
year.  At  this  time,  it  is  represented  by  a  small  rounded  center  of 
ossification  superimposed  on  the  diaphysis  of  the  fibula.  In  some 
instances,  it  has  become  completely  ossified  by  the  fifteenth  year 
(  Fig.  14  A).  This  union  is  not  constant  until  the  end  of  the  eighteenth 
year  (Figs.  17  and  18).  This  epiphysis  presents  no  unusual  or 
interesting  feature. 
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i.\ii:ki'ki;t.\tiiix  ov  Kor.XTGi-:xoGRAMS  of  ndk.mal  kxees 
At  1  yt-ar  cif  age,  tlicre  is  one  epiphysis  for  tiie  lower  end  of  the 
femur  anil  one  for  the  upper  end  of  the  tibia.  No  epiphysis  of  the 
ui)pcr  end  (if  the  fibula  is  apparent  (Fig.  I).  The  epiphysis  of  the 
liiwer  end  cd'  the  femur  is  about  two  thirds  the  size  of  the  diaphysis, 
and   it  occupies  tlie   midplanes  of   the  lower  end   of   the  shaft.      The 


Fig.  7. — Normal  knee,  age  7  years  ami  S   nioiitlis 


epi])hysis  iif  the  ujij^er  end  of  the  tibia  is  about  the  same  size  as  that 
(d"  the  Idwer  ei)i])hysis  iif  the  femur,  and  is  in  the  same  perpendicular 
planes  rcientgenologically. 

.\t  2  years  of  age  (Fig.  2),  the  ai)pearance  is  similar  to  that  at 
1  year,  except   for  a  relative  increase  in  size. 

At  3  years  of  age  (  I""ig.  3),  the  epiphyses  for  the  lower  end  of  the 
femur  and  the  upper  end  of  the  tibia  have  increased  relatively  in  the 
same  ])ro[)iirtinn  as  the  diaphyses.  No  epiphysis  of  the  upper  end  of  the 
fibula  is  e\ident  at  this  time. 
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At  4  years  of  age  ( Fig.  4).  the  lower  epiphysis  of  the  femur  shows 
marked  evidence  of  the  developing  intercondyloid  space  and  occupies 
three  fourths  of  the  lower  aspect  of  the  dia])hysis  of  the  femur.  There 
is  still  no  evidence  of  the  epi])hysis  for  the  ujiper  end  of  the  fibula. 
The  upper  epiphy.sis  of  the  lihi.i  lia-  nut  incrca-cd  in  the  same  ratio 
as  that  of  the  femur. 


Kig.  8. — Normal  kiicc.  age  7  years  and  I   month. 


At  5  years  and  4  months  (Fig.  ^A>.  the  lower  epiphysis  of  the 
femur  apparently  occupies  entirely  the  lower  portion  of  the  femur. 
.A  small  ossifying  epiphysis  is  evident  over  the  upper  end  of  the  fibula. 
Just  at  the  level  of  the  lower  epiphyseal  line  of  the  femur  and  anterior 
to  it.  we  see  a  small  .shadow  of  ossification  within  the  patella  (  Fig.  5  /? ). 

At  6  years  and  6  months  (Figs.  6  A  and  B),  the  patella  and  the 
epiphysis  for  the  upper  end  of  the  fibula  !iave  increased  very  much  in 
size. 


Fig.  9. — Normal  knee,  age  8  years. 


Fig.  10. — Normal  knee,  age  10  years. 


Fig.  11. — Xornial  knee,  age  10  years  and  11   months. 
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At  7  years  and  3  months  (Figs.  7  A  and  B)  all  of  the  epiphyses 
have  increased  in  size,  the  lower  epiphysis  of  the  femur  occupying  the 
entire  lower  portion  of  the  dia]>hysis.  The  upper  epiphysis  of  the 
filuila  occupies  two  thirds  of  the  diameter  of  the  fibular  diaphysis. 

At  7  years  and  3  months  (  I''ig.  7  B).  the  patella  has  ossified  to  a 
marked  extent  as  compared  to  that  pictured  in  Figure  8,  at  7  years. 


I-'is,'.   1.1 — Xorinal   knet- 


ami  8  nmiitli 


There  is  evidence  of  an  ujjward  projection  within  the  upjicr  cpi]ihysis 
of  the  tibia,  differentiating  the  attachment  for  the  crucial  ligament, 
and  also  depressions  for  the  semilunar  cartilages. 

The  picture  at  7  years  and  1  month  (Fig.  8)  shows  very  slight 
ossification  within  the  patella.  The  ossification  which  has  taken  place 
seems  to  be  developing  from  two  centers. 
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At  8  years  of  age  (Fig.  9  A  and  B),  there  is  a  iiiarked  increase 
in  the  size  of  the  epiphyses  and  a  closer  apposition  between  the 
epiphyses  and  the  respective  diaphyses.  The  patella  is  approximately 
twice  the  size  of  that  in  the  preceding  picture.  It  is  interesting  to 
note  the  amount  of  development  of  the  patella  in  the  period  from  6  to 
8  years.  At  8  years  of  age  (Fig.  9.4),  for  the  first  time,  we  begin 
to  see  a  depression  for  the  semilunar  cartilage  and  evidence  of  spines 
for  the  insertion  of  the  crucial  ligament  are  evident  in  the  developing 
u])])er  epiphysis  of  the  tibia. 


Fig.  14. — Xormal  knee,  age  14  years  and  8  months. 


.\t  10  years  of  age  (Fig.  10-^  and  B).  tiiere  is  a  close  a])]iroxima- 
tion  between  the  lower  end  of  the  femur  and  its  epiphysis,  but  no  true 
ossification  has  taken  |)Iace  between  the  .shaft  and  the  epiphysis.  The 
depressions  for  the  .semilunar  cartilages  have  deepened.  There  is  a 
proportionate  ossification  in  the  ujjjjer  epiphysis  of  the  fibula  and  the 
patella.     There  is  still  no  evidence  of  the  tubercle  of  the  tibia. 

.\t  10  years  and  11  months  (Fig.  11),  all  of  the  epiphyses  con- 
tinue to  increase  in  size.     There  seems  to  be  a  projection  downward 
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from  the  .-interim-  surface  of  the  upper  epiphysis  of  the  tibia,  this 
being  the  tirst  evidence  noted  of  the  tubercle  of  the  tibia  and  its  origin. 

At  11  years  of  age,  httle  difference  is  shown  except  in  the  size  of 
the  epiphyses;  if  anything,  the  internal  condyle  seems  to  be  larger  than 
the  external.    There  is  no  evidence  of  a  tubercle  of  the  tibia. 

At  11  years  and  6  months  (Fig.  12  A  and  B),  the  epiphyses  for 
the  upper  end  of  the  tibia  and  the  upper  portion  of  the  fibula  are  corn- 


Figure  IS  Figure  16 

Fig.  15. — Xormal  knee,  age  14  years  and  10  month.s. 
Fig.   16. — Xormal  knee,  age  IS  years  and  4  months. 


pletely  formed,  but  not  united  with  the  shaft.  There  is  a  projection 
downward  on  the  anterior  portion  of  the  tibia,  si-jiarated  from  the 
shaft  of  the  tibia  for  possibly  one  fourth  of  an  inch  (6  mm.),  evidence 
of  beginning  ossification  for  the  tubercle  of  the  tibia. 

.\t  12  years  and  8  months  (Fig.  13),  a  close  approximatioti  of  the 
shaft  of  the  tibia  is  noted,  but  no  ossification  of  the  epiphysis  and  the 
shaft. 


Fig.  17. — Xormal  knee,  age  16  years  and  8  months. 


Fij.  18. —  Xormal  knee,  age  IS  years  and   II   months. 


Fig.   19. — \ormal  knee,  age  20  vears. 


Fig.  20. — Normal  knee,  age  21  years  aiul  10  months. 
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A;  14  vcar>  and  S  months  (Fig.  14./  an<l  H  ) .  liicre  is  a  coniplclc 
t.ssilicalion  of  all  of  the  epiphyses  of  the  knee.  The  lateral  view 
(Fig.  14  5)  shows  a  projection  downward  from  tiic  u|)])er  epiphysis 
of  the  tibia,  on  the  anterior  a.spect  of  the  .shaft.  It  is  .still  se];aralc<l 
from  the  shaft,  but  not  .so  markedly  as  in  preceding  ages. 

At  14  years  and  10  months  (  I-'ig.  I?  )  there  is  incomplete  ossification 
of  the  shafts  to  the  epiphyses  and  llic  tubercle  of  the  tibia  a])parently 
from  two  centers. 

.\t  1.^  years  and  4  months  (Fig.  16)  there  is  a  shadow,  a])])ar- 
ently  the  line  of  demarcation,  but  sufficiently  ossified  so  tliat  there  is 
no  clear  .space  between  the  epiphy.ses  and  the  shafts. 

.At  16  years  and  8  months  (Fig.  17),  the  epiphyseal  lines  are  jiresent. 
The  luliercle  of  the  tibia  is  almost  completely  ossified. 

.\t  18  years  and  11  months  (Fig.  18),  there  is  complete  ossification 
of  the  epiphyses  and  union  of  the  epiphyses  and  the  shafts. 

.■\t  20  years   (Fig.  \9  A  and  B),  there  is  complete  ossification. 

.\t  21  years  and  10  months  (Fig.  20  A  and  /?),  a  picture  similar 
to  tliat  at  20  years  is  presented. 

SIMM.\RV 

The  epiphyses  of  the  lower  end  of  the  femur  and  of  the  u]]per  end 
of  the  tibia  have  attained  the  .size  of  half  the  width  of  tlieir  resjjectiye 
diaphyscs  at  1  year. 

There  is  evidence  of  ossification  within  these  e|)iphyses  at  a  much 
earlier  time. 

In  one  instance,  we  have  a  jjicture  sliowing  it  at  7  weeks  (lower 
epiphysis,  femur). 

During  the  first  four  years,  no  other  e])iphyses  are  evident  mentgen- 
ologically. 

.At  5  years  and  4  months  (Fig.  .s  A),  ossification  has  ])r(iceeded  to 
such  an  extent  in  the  lower  end  of  the  femur  and  ujjper  end  of  tlie 
tibia  that  they  almost  cover  their  respective  diaphyseal  ends.   ■ 

.At  this  age,  for  the  first  time,  one  sees  ossification  in  the  uppv-r 
epiphysis  of  the  fibula  and  within  the  patella. 

During  the  next  year,  the  patella  increases  ra])idly  in  size.  It  is 
at  this  time  that  we  notice  the  greatest  variation  in  the  developing 
patella.  In  one  instance,  at  6  years  and  6  months  (Fig.  6.0.  t'le 
patella  is  about  one-half  inch  (13  mm.)  in  length,  and  in  another 
picture  (Fig.  8),  at  7  years  and  1  month,  there  are  two  small  ossifying 
shadows  within  the  cartilaginous  patella. 

-At  8  years  of  age,  the  depressions  for  the  semilunar  cartilage  and 
the  spines  of  the  tibia  are  evident  roentgenologically. 

By  the  tenth  year,  there  is  a  close  approximation  hetvyeen  the 
respective  epiphyses  and  their  diaphvses. 
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At  U)  x'cars  and  1 1  iiKinths,  we  see  the  first  ex'ideiice  of  the  tuhercle 
of  the  tibia.  It  is  represented  by  a  downward  projection  from  the 
ujiper  epi]>hysis  of  the  tibia   (Fig.    \l). 

During  the  twelfth  \ear  (11  years  and  6  months,  Fig.  \2A),  the 
tubercle  increases  rapidly  in  size,  and  projects  forward,  being  separated 
by  a  wide  space  from  the  shaft  of  the  tibia.  Union  between  the  tubercle 
and  shaft  proceeds  from  above  down,  and  from  before  backward. 

This  process  can  be  noted  by  referring  to  Figures  14/?  and  15. 

At  18  years,  this  tubercle  is  completely  ossified  and  united  to  the 
shaft. 

In  one  instance  (Fig.  15.  14  years  and  10  months),  the  tubercle  of 
the  tibia  seems  to  be  ossifying  through  two  separate  centers. 

At  15  years  and  4  months  (Fig.  16),  there  seems  to  be  complete 
ossification  within  the  epiphyses  and  union  of  the  respective  epiphyses 
and  their  diaphyses. 

After  the  eighteenth  year,  there  seems  to  be  complete  ossification 
of  epiphyses  and  diaphyses. 

1211    Maison   Blanche. 
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C()Nr.ENIT.\L     CONDITKINS 

An  interesting  nialfonnation  of  the  carjjus  has  been  reported  liy 
Eaves  and  Campiche.*  This  occurred  in  a  laboring  man,  aged  20.  who 
was  free  from  all  subjective  symptoms  and  showed  objectively  only  a 
freer  amount  of  motion  than  normal  in  the  carpus.  The  roentgenogram 
of  the  right  hand  revealed  a  total  absence  of  the  scaphoid  and  a  poorly 
developed  radial  styloid  process.  In  the  left  hand  the  .scaphoid  was 
only  half  as  large  as  the  normal,  and  the  radial  styloid  was  absent. 

[Ed.  Note. — It  is  apparently  ])ossible  to  have  a  functionally 
adequate  wrist  with  only  a  small,  or,  indeed,  without  any.  scaphoid. 
The  case  perhaps  offers  further  encouragement  for  the  removal  of  the 
whole  or  the  smaller  portion  of  a  fractured  and  ununited  scaphoid.] 

Congenital  Synostosis  of  the  Radius  and  Ulna. — W'akeley  ^  reports 
eight  cases,  with  no  hereditary  history.  He  considers  that  the  operation 
ofTers  small  likelihood  of  restoring  voluntary  pronation  and  su])ination. 
The  danger  of  injuring  the  posterior  interosseous  nerve  is  a  very  real 
one.  Moreover,  the  disability  existing  from  birth  has  been  so  largely 
compensated  that  the  patients  are  often  hardly  conscious  of  their 
limitation. 

Congenital  Dislocation  of  the  Shoulder. —  Martin  '■  has  reached  tiie 
conclusion  that  congenital  dislocation  of  the  shoulder  is  an  extremely 
rare  condition,  the  subacromial  type  being  the  least  common.  Kir- 
misson,  in  1898,  could  find  but  eight  reported  cases,  and  Cfuidray  has 
since  reported  two  others.  Other  congenital  characteristics  were  present 
in  these  two  cases  of  Coudray.  such  as  a  lack  of  complete  devclupment 


*  Owing  to  some  delay  in  the  mails,  the  German  articles  did  not  arrive  in 
time  to  be  included  in  this  report.  Comments  will  be  made  on  them  in  the 
next  report. 

*  This  Report  of  Progress  is  based  on  a  review  of  466  articles  selected  from 
504  titles  dealing  with  orthopedic  surgery,  appearing  in  medical  literature 
between  Oct.  1.  1921,  and  Jan.  21,  1922.  Only  those  papers  which  seem  Jto 
represent  progress  have  been  selected  for  note  and  comment. 

1.  Eaves  and  Campiche :    J.  Bone  &  .loint  Surg.  4:78  (Jan.)   1922. 

2.  Wakeley:    Arch.  Radiol.  &  Electroth.  26:185   (Nov.)   1921. 

3.  Martin:    Paris  med.  11:469   (Dec.  10)   1921. 
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of   tliL-    jciiiit,   iiKlu<liti,i;   llie  head  ni  the   hunu-rus  and  the  aerdniimi   in 
one.  and  an  ahnorrnal  development  of  the  entire  extremity  in  the  other. 

I  I'.n.  NcTE. — These  findings  are  interesting  as  tending  to  disprove 
Tnrner  Thomas'  theory  of  (Hslocation  of  the  shoulder  as  the  common 
cause  of  obslclric  iiaralysis.] 

Sai-ralirjulioii  of  the  Last  Lumbar  Vertebra. — Leri  '  remarks  that 
the  diagnosis  of  a  sacralization  of  the  fifth  Inmbar  vertebra  as  a  cause 
of  obscure  sciatica  has  become  the  fashion.  In  his  study  of  100 
roentgenograms,  more  than  30  i)er  cent,  showed  an  impingement  of  a 
transverse  process  on  the  ilium,  the  sacrum  or  both.  In  less  than  25 
per  cent,  were  the  outlines  in  accordance  with  the  accepted  norm  for 
the  region.  In  only  6  or  7  per  cent,  could  the  symptoms  reasonably 
be  attributed  to  this  condition. 

Lui)o  '  reports  studies  of  the  abnormalities  of  the  tifth  lumbar 
vertebra  in  children.  It  is  apparently  no  more  rare  in  children  than  in 
adults.  The  sacralization  is  more  frequently  bilateral  than  unilateral. 
In  the  first  twenty  years  of  life,  there  seem  to  be  few  symptoms  arising 
from  this  condition.  Deformities  of  the  peKis,  congenital  dislocation 
of  the  hip,  coxa  valga.  coxa  vara,  etc.,  are  quite  commonly  found  in 
association  with  this  abnormality.  (  )f  the  110  cases  studied,  seventy- 
nine  were  bilateral  sacralizations,  and  thirty-one  unilateral.  Twenty- 
nine  of  the  unilateral  cases  were  on  the  left. 

Schiassi  '■  has  encountered  two  cases  of  pain  due  to  enlarged  trans- 
verse processes  of  the  fifth  lumbar  \ertebra.  The  enlarged  process  was 
so  situated  that  a  foramen  was  formed  between  the  neck  of  the  process 
and  the  to])  of  the  sacrum.  When  the  patients  were  subjected  to 
repeated  .str;iin>,  there  were  evidences  of  pressure  on  the  fifth  nerve 
root,  and  ])ossibly  also  irritation  of  the  fourth  root  as  it  passed  over  the 
anterior  surface  of  the  enlarged  fifth  transverse  process.  He  con- 
siders resection  of  the  process  to  be  the  rational  method  of  relief. 

Bonniot,"  in  an  illustrated  article,  describes  a  method  of  approach 
to  the  root  of  the  transverse  process  of  the  fifth  lumbar  verteljra  in 
cases  in  which  resection  of  the  process  is  to  be  undertaken  for  relief 
of  pain  believed  to  be  due  to  the  enlargement  or  sacralization  of  this 
process.  The  approach  is  as  follows :  (  1 )  The  patient  is  placed  in  a 
prone  position,  with  a  sandbag  beneath  the  anterior  superior  s])ine,  the 
abdominal  contents  being  thus  permitted  to  sag  away  from  the  loin. 
(2)  An  incision,  10  cm.  long,  is  made  at  the  outer  edge  of  the  erector 
s]Mnae,    extending    downward    to    the    iliac   crest,    and    then    continued 


4.  Leri:    Bull.  Soc.  med.  d.  liop.  do  Pari.s  45:1228   (July  29)    1921 

5.  Lupo:    Chir.  d.  org.  di  movimcnto  5:503   (Oct.)   1921. 

6.  Schiassi:    Chir.  d.  org.  di   movimcnto  5:229   (June)    1921. 

7.  Bonniot:    Lvon  chir.  18:44.S   (Jnly-.^ug.)   1921. 
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downward  and  mesially,  following  tlie  crest  to  the  posterior  superior 
iliac  spine.  i3j  An  incision  of  the  lumbodorsal  fascia  is  made  and  the 
sacrospinalis  muscle  is  mobilized  and  retracted  mesially.  The  branches 
of  the  iliolumbar  vessels  are  ligated.  The  tips  of  the  transverse 
processes  are  felt.  (4)  A  dissection  is  made  along  the  sacrospinalis  as 
far  as  its  iliac  attachment  and  then  the  posterior  portion  of  the  iliac 
crest  is  osteotoniized  from  a  point  just  lateral  to  the  muscle  attachment 
downward  to  the  posterior  superior  spine.  Muscle  and  bone  fragments 
are  retracted  mesially.  In  the  .sacrovertehral  angle  thus  exposed,  the 
transverse  process  lies.  It  may  be  removed  by  careful  dissection  after 
the  iliolumbar  ligament  and  smaller  muscles  attached  to  the  process  have 
been  divided.  The  muscle  and  bony  flaj)  is  then  returned  and  sutured 
in  place. 

[Ed.  Ncte. — The  method  of  apjiniach  seems  precise  and  surgical 
and  avoids  the  really  great  danger  lo  nerve  roots  of  working  in  the 
bottom  of  a  deep  hole.] 

Congenital  Dislocation  of  the  Hip. — The  frequency  of  late  bony 
changes  following  the  reduction  of  congenital  dislocation  of  the  hip  is 
attracting  the  attention  of  other  investigators  besides  Adams.*  Broca 
and  d'Intignano  "  find  that  the  chief  changes  before  reduction  occur  in 
the  head  of  the  femur,  in  an  anteversion  of  the  neck,  and  a  shallow 
acetabulum.  During  the  period  of  immobilization  the  socket  deepens, 
and  the  head  and  neck  are  modeled  by  jiressurc  inio  \arus  position. 
Sometimes  they  find  that  the  constitution  of  the  joint  is  apparently 
perfect  and  it  would  be  hard  to  determine  without  previous  know- 
ledge which  hip  had  been  dislocated.  Some  patients  with  a  poorly 
developed  joint  develop  an  arthritis. 

Froelich  "  of  Nancy,  in  two  articles,  also  calls  attention  to  these 
late  changes  after  reduction,  .\bout  M  per  cent,  of  the  cases  he  has 
studied  have  a  normal  head  and  neck  ten  years  after  reduction,  and 
7?^  per  cent,  of  these  are  stable.  Three  of  4  per  cent,  of  the  patients  have 
an  arthritis  resembling  a  caries  sicca. 

[Ed.  Note. — As  we  have  pointed  out  in  a  i)rcvious  Re|)ort  of 
Progress,  it  is  important  that  we  should  at  least  be  conversant  with 
the  changes  which  will  probably  take  place  in  a  majority  of  the  retluced 
and  functionally  satisfactorv  cases.  .As  it  seems  likely  that  some  of 
these  changes  may  be  attributed  to  the  trauma  incident  to  reduction, 
the  emphasis  should  be  placed  on  the  im|)ortance  of  employing  the 
gentlest  methods  which  will  successfully  accomplish  the  replacement.] 


8.  .Adams  :    J.  Bone  &  Joint  Surg..  July.   1922. 

9.  Broca  and  d'Intignano:    Rev.  d'ortliop.  8:.?S3   (Sept.)    1921, 

10.  Froelich:    Rev.  d.  orthop..  Oct.  5.   1921,  p.  451;  Pressc  mcd..  Oct.  1,  1921. 
p.  1430 
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Coiuicnital  liqiiiiurivnts. — Fiske  "  reports  the  results  of  a  (|ucstion- 
naire  wliicli  he  sent  to  surgeons  of  wide  experience  in  the  treatment  of 
this  (.'ondition,  and  to  which  he  received  sixty-six  repHes.  The  pre- 
liiinderaiice  of  o])inion  favored  immediate  treatment  of  the  new-born 
child  liy  manipulative,  retentive,  and  nonoperative  methods.  Up  to 
()  months,  the  majority  favor  the  same  nonoperative  methods  without 
anesthesia.  Ten  per  cent,  were  radical  in  their  views.  There  seems  to 
be  a  trend  away  from  purely  manipulative  toward  operative  methods 
in  the  second  year  of  life  in  uncorrected  cases;  but  these  operative 
methods  should  be  limited  to  tenotomies, fasciotomies.  and  divisions  of 
ligaments.  In  the  adult  cases,  all  agree  that  bone  operations  are  usually 
necessary.  Fiske  considers  that  the  most  important  element  in  success- 
ful treatment  is  the  avoidance  of  all  unnecessary  traumatism  and  per- 
sistence in  maintaining  an  over-correction.  Treatment  should  consist 
of  manipulation  to  the  point  of  tolerance.  ])laster  or  other  mechanical 
fixation,  corrective  weight-bearing,  massage  and  exercises. 

KICKLTS      .A.M)      nSTMITITIS      FIISKUSA 

Rickets. — Findlay,  I'aton  and  Sliarjie  '-  ha\e  shown  that  changes  in 
bone  somewhat  similar  to  those  in  rickets  can  be  induced  bv  feeding  on 
a  low  calcium  diet,  but  the  condition  is  of  the  nature  of  an  osteoporosis 
and  not  true  rickets.  The  calcium  content  of  the  blood  and  of  the  other 
tissues.  exce])t  bone,  is  not  deficient  in  experinit-nlal  rickets  in  dogs. 
Their  experiments  do  not  siijijiort  the  view  th;it  true  ricket--  is  due  to 
a  deficient  sup]>l\'  of  calcium  to  the  bone. 

iMcC'iilluni.  .^ininionds,  .^hiple\'  and  I'ark'"  ha\e  shown  that  the 
addition  of  calcium  carbonate  to  ;i  low  calcium  diet  prevents  the  devel- 
opment of  the  rickets-like  condition,  an<l  th.it  the  administration  of  cod 
liver  oil  not  only  prevents  the  de\elopment  of  rickets  but  brings  about 
a  healing  of  the  condition  when  it  is  well  advanced.  -\n  amount  of 
butter  fat  amply  sufficient  to  protect  the  .iniin.'ds  against  keratomalacia 
does  not  prevent  the  development  of  the  pathologic  condi'.ion  of  the 
skeleton  just  described,  and  they,  therefore,  argue  that  it  must  exert 
a  very  feeble  influence  in  protecting  the  animals  against  the  develop- 
ment of  rickets-like  lesions. 

Uniwn.  MacLachlan  and  .'simpson,'^  from  a  study  of  seven  cases, 
ha\'e  foiuid  that  cod  liver  oil  without  ])hosphorus  prdduces  as  regu- 
larl\-    an    increase    in    the   lilood    calcium    and    an    amelioration    oi   the 


11.  Fiske:    .1.  Ortliop.   .Sur.y.  3:668    (Dec.)    IMJl. 

12.  Findlay,  Patoii   and   .Sharpo  :    Quart.  J.  Med.  U■.^S^   (July)    1921 

13.  McCollum,   .Siiiimdiids,  .Shii.liy  and   Park:    .Xm.  J.    Hygiene   1:492    (July) 
1921. 

14.  Brown,  MacLachlan  and  Simpson:    Canad.  M.  A.  J.  11:552  (Aug.)   1921. 
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symptoms  in  rickets  and  tetany  as  does  cod  liver  oil  with  phosphorus 
oils.  They  conclude  that  if  the  fat  intake  is  4  mg.  ])er  kilogram  of 
body  weight,  fat  soluble  vitamin  A.  as  contained  in  cod  liver  oil.  is 
alone  sufficient  to  prevent  or  cure  rickcis. 

Hess  and  Gutman  '■''  have  confirmed  the  observation  of  I'ark  and 
others  that  the  lesions  of  infantile  rickets  will  disa])pear  with  a  daily 
exposure  to  sunlight  over  a  period  of  a  month  or  six  weeks,  although 
the  diet  remains  unchanged.  They  have  found  that  the  blood  serum 
of  infants  suffering  from  active  rickets  contains  a  diminished  amount 
of  inorganic  phosphates,  which  phosphate  content  rises  with  the  admin- 
istration of  cod  liver  oil  and  also  with  the  daily  expo.sure  to  direct 
sunlight.  Tbese  findings  seem  to  establish  a  chemical  as  well  as  a 
clinical  basis  for  the  use  of  heliotherapy  in  rickets,  and  they  believe 
them  to  be  the  first  definite  evidence  of  metabolic  change  in  the  animal 
body  brought  about  by  the  solar  rays. 

Mellanby,"'  in  a  well  illustrated  thesis,  discusses  the  whole  subject 
of  rickets,  except  the  theories  of  its  etiology.  His  experiments  were 
carried  out  in  a  large  series  of  pupi)ies.  He  considers  that  the  preven- 
tive factors  are:  (1)  plenty  of  calcium  and  phosjjhorus  in  the  diet; 
(2)  certain  fats  identical  with  fat  soluble  vitamin;  (3)  meat,  and 
(4)  exercise.  The  diet  conducive  to  the  development  of  rickets  he 
considers  to  consist  of  (1)  an  excess  of  bread,  cereals  and  carbo- 
hydrate, and  (2)  an  excess  of  jirotein.  mostly  of  ca.seinogen,  free 
from  calcium. 

Osteitis  Fibrosa. — Painter.'"  reporting  a  case  in  which  characteristic 
lesions  of  this  disease  developed  in  two  locations  at  widely  separated 
intervals  of  time,  discusses  the  theories  of  etiology.  In  his  case  there 
was  no  determinable  etiologic  factor.  The  author  considers  the  theories 
of  a  low-grade  inflammation  or  of  an  endogenous  metaplasia  to  possess 
most  supportive  evidence.  Free  exposure  of  the  lesion  and  curettage 
to  solid  bone  effected  a  cure  in  his  case. 

tii!e:k(  luisi.s 
Tiibcri-ulosis  of  the  Metatarsals. — .'>orrel  and  I'.ouquier  '^  direct 
attention  to  the  very  frequent  involvement  of  the  first  metatarsal  in 
children.  Kirmisson  and  Whitman  have  found  this  bone  to  be  involved 
in  more  than  50  per  cent,  of  all  metatarsal  tuberculosis.  The  experi- 
ence of  the  authors  at  Berck  confirms  these  findings  in  eighteen  out 
f)f  thirtv  cases.     H  the  head  and  base  are  uninvolved,  the  heafl  should 


15.  Hess.  .\.  F..  and  Gutman,  M.  B. :    Cure  of  Infantile  Kickcts  liy  SmiliKht. 
J.  A.  M.  A.  78:29  (Jan.  7)   1922. 

16.  Mellanl)y :     Mctlical    Research    Council.    Special    Keport    Scries.    No.    61, 
London.  His  Majesty's  Stationery  Office.  1921. 

17.  Painter:    Boston  M.  &  S.  J.  185:677   (Dec.  8)   1921. 

18.  Sorrel  and  Bouquier:    Paris  med.  11:, 399   (Nov.)    1921. 


418  AKCllll'tiS     <)/•     .VCA-(,Z:'A'r 

lie  preserved  as  a  weight-bearing  pillar;  but  if  the  head  is  involved, 
it  shduld  be  removed  and  the  great  toe  should  always  be  amputated 
with    it.     Their   results  of  this   procedure  they  consider   satisfactory. 

Tuberculosis  of  the  Ankle  in  Aditlts. — Gaenslen  and  Schneider  ''■' 
consider  the  prognosis  of  tuberculosis  of  the  ankle  in  adults  to  be  very 
])oor  from  conservative  treatment.  If  conservative  treatment  is  suc- 
cessful, they  estimate  the  necessary  period  to  be  four  years.  A  six 
months'  trial  of  conservative  treatment  may  be  expected  to  determine 
the  efficacy  of  this  form  of  treatment.  In  cases  in  which  operation 
is  performed  early,  they  expect  the  patient  to  be  able  to  return  to  work 
in  from  one  to  two  years.  Amputation,  and  even  death,  results  far  too 
often  from  a  too  long  persistence  in  conservative  treatment.  In  their 
series,  no  case  of  tibio-a.stragaloid  disease  was  treated  conservatively. 

Calve  -"  also  believes  that  tuberculosis  of  the  ankle  in  adults  demands 
the  same  surgical  attack  as  tuberculosis  of  the  knee,  and  agrees  with 
Gaen.slen  that  the  success  or  failure  of  conservative  treatment  may  be 
determined  after  six  months'  trial,  and  if  successful  must  be  continued 
for  four  years. 

Tuberculosis  of  the  Knee  in  ChildrriL—Vignavd  and  Comte -'  have 
become  convinceil  that  the  o]ierati\e  procedure  which  they  describe 
yields  better  results  in  tuljerculosis  of  the  knee  joint  in  children  than 
conservative  treatment.  They  proceed  on  the  assumption  that  the 
focus  of  disease  is  primary  in  the  bone  and  invades  the  synovial 
UR-mbrane  onlv  secondarily.  Their  method  of  attack  is  to  scrape  out 
the  tuberculous  tissue  in  the  epiphysis,  leaving  merely  a  shell,  which 
they  fill  under  tension  with  Mosetig-Moorhof  paste,  using  special  metal 
tubes  with  a  piston  to  force  in  the  wax  after  the  epiphysis  has  been 
curetted.  Fourteen  cases  in  which  this  operation  has  been  performed 
since  1919  seem  to  confirm  them  in  the  opinion  of  the  advantages  of 
this  procedure.  Five  at  this  time  show  almost  normal  motion  and  six 
seem  entirely  quiescent  with  stiff  joints. 

\'ignard  and  Vincent,--  writing  on  the  subject  of  tuberculous  knees 
ankylosed  in  flexion,  advocate  osteoclysis  rather  than  supracondylar 
osteotomy  for  the  correction  of  the  deformity.  They  say  that  after 
three  years  of  clinical  cure  this  procedure  may  be  employed  without 
danger  of  lighting  up  the  disease  and  possesses  the  advantage  of  not 
shortening  the  limb.  It  does  not  matter  whether  the  ankylosis  is  bony 
or  fibrous.  The  bone  is  fractured  usually  within  the  capsule  at  the 
most  ])rominent  ]iorti(in  of  the  curvature. 
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[Ed.  Note. — Although  the  Echtors  have  had  no  jiersonal  experi- 
ence with  this  method,  it  seems  to  them  to  involve  a  trauma  not 
necessary  in  a  Hnear  osteotomy.  Tlie  method  seems  unsurg-ical  and. 
at  least,  on  theoretical  grounds,  dangerous.] 

Tuberculosis  of  the  Hip. — Fish  '"  in  observing  175  i)atients  admitted 
to  the  Massachusetts  State  Hospital  School  at  Canton,  ha.s  been  sur- 
prised at  the  woful  lack  of  uniformity  in  treatment  which  these 
patients  have  received.  On  admission  to  the  scliool.  they  have  been 
treated  by  the  Bradford  abduction  sjjlint  (  Thomas  ring  knee  splint 
with  abduction  arm).  Fish  has  been  impressed  with  the  success  of 
this  treatment  in  preventing  deformities,  and  advocates  its  more  gen- 
eral employment  when  the  disea.se  is  active. 

Tuberculosis  of  the  Spinal  Cord. — Browning  -■*  reports  a  case  which 
he  states  is  the  eightieth  on  record  of  tuberculosis  of  the  spinal  cord. 
At  necropsy  the  cord  was  enlarged  at  the  level  of  the  eighth  dorsal 
vertebra.  At  this  level  the  cord  was  destroyed  and  in  a  .semifluid 
condition  for  some  distance  above  and  below  this  segment.  A  grayish 
nodule,  about  the  size  of  a  small  navy  bean,  was  compressing  the 
cord  beneath  the  meninges.  The  tumor  was  firm  and  shelled  out  easily. 
The  microscopic  examination  revealed  tuberculous  granulation  tissue. 

(En.  Note. — The  Editors  have  observed  a  case  of  tuberculosis 
of  the  spine  with  resistant  and  progressive  paraplegia  in  which  a  lami- 
nectomy was  performed.  At  operation,  a  firm  mass  of  tuberculous 
granulation  tissue  was  adherent  to  the  dura  and  compressed  the  cord. 
The  removal  of  this  mass  was  soon  followed  by  an  improvement  in 
the  paraplegia  .symptoms,  which  improvement  has  continued  more  than 
a  year.  These  findings  may  suggest  the  wisdom  of  perfornn'ng  more 
frequent  laminectomies  in  cases  of  Pott's  para|)legia  which  do  not 
yield  to  treatment  by  recumbency  and  hyperextensitjn.  especially  if  a 
combined  cistern  and  lumbar  jiuncture  (  metliod  of  .\yer)  demonstrates 
a  complete  block.] 

REPORT    OF     COMMISSION     .M'I'OI  .NTEl)     i:\     TIIK   .XMEKUAX    ORTHOP,\EDIC 

ASSOCIATION    TO    INVESTIGATE    THE    END-RESULTS    OF    ANKYLOSING 

OPERATIONS   ON    THE    SPINE    FOR    CURE   OF   TUBERCULOUS   CARIES 

The  commission  '■'  regrets  the  great  laxity  in  keeping  records  which 
their  study  of  the  cases  in  the  different  clinics  revealed.  They  express 
no  opinion  as  to  the  relative  merits  of  the  inlay  bone  graft  methods 
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and  the  fii-iiui  (ipfratiuns.  'Hie  conclusiiins  of  their  in\esti}^aticin  are 
as  follows:  (1)  Ankylosing  operations  cannot  be  depended  on  to 
])re\ent  increase  of  deformity  or  bone  destruction,  especially  in  chil- 
dren. (2)  There  seems  to  l)e  a  favorable  influence  on  acute  symptoms 
exerted  by  the  operation.  (3)  The  operations  apparently  had  little 
eitect  on  the  fusion  of  the  vertebral  bodies.  (4)  Too  little  informa- 
tion was  secured  from  the  rec<;>rds  of  the  cases  observed  to  warrant 
aiiv  conclusion  as  to  the  effect  of  the  operation  on  abscess  formation 
and  ])aralvsis.  Their  impression  from  information  received  was  that 
the  effect  of  the  o])eration  was  to  lessen  abscess  formation  and  para- 
plegia. (5)  The  oi)erative  risk  from  an  operation  of  this  gravity 
appears  to  be  small.  (6)  The  mortalitv  can  be  judged  only  from  a 
large  series.  In  one  grou])  of  137  cases  there  were  sixteen  deaths.  11.68 
per  cent.  Three  deaths  occurred  within  two  months  of  operation,  six 
at  later  periods  from  tuberculous  meningitis  or  pulmonary  tuberculosis, 
and  seven  from  intercurrent  diseases.  (8)  They  express  the  opinion 
that  the  operation,  if  it  is  jierformed,  should  be  regarded  as  an  incident 
onl\-  in  the  treatment  of  this  disease,  and  fixation  and  supportive 
mechanical  treatment  should  be  carried  out  for  a  sufficiently  long  time 
to  afiford  opportunitv   for  the  ultimate   fusion  of  the  vertebra. 

I  Ell.  Note. — It  would  seem  probable,  from  this  careful  re\iew  of 
the  end-results  of  such  cases  as  have  been  sufficiently  well  recorded 
t(.i  lie  of  v.alue,  that  successful  ankylosing  ojierations  on  the  spine  of 
older  children  and  adults  mav  be  expected  to  exert  a  favorable  influence 
on  the  course  of  the  disease  and  perhaps  lessen  the  tendency  to  abscess 
formation  and  paraplegia.  In  the  opinion  of  the  Commission,  they 
cannot  be  trusted  to  cure  the  disease  or  even  prevent  increase  in  the 
deformitv  unless  supplemented  liv  the  older  well  established,  external, 
immobilizing  methods,  such  <as  recumbeiicv  and  brace  treatment.] 

.SVPIIILIS 

Syfiliilitic  .-i/thiitis. —  Mroca'-''  calls  ;itteiition  to  the  great  frequency 
of  failure  to  diagnose  chronic  syphilitic  disease  of  the  joints.  In 
nineteen  out  of  twenty  cases  of  syphilitic  disease  of  the  knee  joint,  the 
diagnosis  of  tuberculosis  had  been  made.  He  describes  a  number  of 
typical  cases,  emphasizing  the  importance  of  the  Bordet-Wassermann 
lest  in  cases  of  hydrathrosis  and  arthritis  without  efifusion.  especially 
in  the  knee.  The  lesions  are  commonly  liilater.al,  indolent,  and  show 
alternating  jieriods  of  im])rovement  and  aggravation,  not  seriously 
interfering  with  ordiiiarx   life. 


26.  Rroca;    Presse  nicd.  29:87.3   (Nov.  2)    1921. 
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Dufour  -'  reports  his  tenth  case  of  chronic  arthritis  deformans  in 
a  syphilitic  patient.  The  type  is  a  toq)id  one  and  a])])ropriate  treat- 
ment is  usually  begun  too  late  to  cure  completely,  though  it  greatly 
benefits. 

Dupont -''  points  out  the  multiplicity  of  manifestations  in  syphilitic 
joint  disease  and  the  inlermiltence  of  symptoms,  lie  believes  that 
trauma  often  initiates  a  syphilitic  process  in  a  joint,  and  in  nearly  all 
the  ca.ses  which  he  has  encountered  a  diagnosis  (if  traumatic  or  rheu- 
matic or  gonococcal  or  tuberculous  joint  had  been  made. 

r.AR.VLVSIS 

The  i'sc  of  Electricity. — Bordier  -'■'  is  convinced  that  it  is  most 
desirable  to  keep  the  limbs  affected  by  ]K)liomyelitis  as  warm  as  the 
tinafTected  members,  arguing  that  the  nutritive  exchanges  will  thereby 
be  rendered  normal  and  atrophy  of  the  bones  and  muscles  prevented. 
He  considers  that  diathermy  is  the  best  method  of  maintaining  the 
temperature,  the  limb  being  wrapped  in  a  veritable  mattress  of  cotton 
or  wool  to  prevent  loss  of  heat  by  radiation.  He  also  advises  the  use 
of  rhythmic  and  reversed  galvanism  of  the  muscles  showing  com])lete 
or  partial  reactions  of  degeneration. 

[Ed.  Note. — Bordier's  point  of  maintaining  ihe  temperature  of  the 
affected  limbs  may  be  well  taken;  but  the  ex])eriments  of  Professor 
McLeod  (University  of  Toronto)  with  limbs  of  animals  paralyzed  by 
section  of  the  ner\-e,  for  example,  the  sciatic,  and  immediately  sutured 
.should  give  us  pause  in  the  emi^loyment  of  galvanism.  His  work  has 
seemed  to  demonstrate  that  the  .symmetrical  limb  in  the  .same  animal  not 
treated  by  electricity  recovered  somewhat  more  quickly  than  its  treated 
fellow  and  that  it  was  quite  possible  to  fatigue  unfavorably  a  musc'e 
cut  off  from  its  central  nerve  supply  by  too  much  electrical  stimulation.] 

The  Third  Year  in  Infantile  Paralysis. — Lovett's  •'"  careful  records 
of  180  rather  severe  cases  occurring  in  the  1916  epidemic  and  followed 
closely  are  of  great  value.  The  muscles  of  the  arm.  back  and  abdomen 
showed  greater  improvement  than  those  c)f  the  lower  limb,  and  their 
improvement  was  fairly  continuous.  The  musc'es  of  the  leg  often 
showed  loss  of  power  during  the  third  year.  The  chief  cause  of  this 
was  the  development  of  deformity,  which  (xxurred  in  spite  of  every 
care  on  account  of  the  lack  of  muscle  balance.  The  loss  of  power  was 
evident  in  contracted  and  stretched  muscles  and  others  which  did  not 
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function  well  attcr  stabilizing  operations.  Over- fatigue  bv  walking 
was  res])onsible  in  a  few  cases  for  a  loss  of  power.  Lovett  concludes 
that  deformity,  stretching  and  fatigue  are  the  chief  obstacles  to  the 
successful  treatment  of  poliomyelitis. 

Early  Treatment  of  Infantile  Paralysis  Based  on  Physiologic  Indica- 
tions.— Feiss  ^^  suggests  that  on  physiologic  grounds  voluntary  and 
assisted  motions  of  the  affected  limbs  are  indicated  in  the  early  acute 
stage  of  poliomyelitis.  He  has  had  no  opportunity  to  test  this  thenry 
in  any  considerable  number  of  cases. 

[Kn.  Note. — It  would  seem  to  the  Editors  that  this  suggested 
method  of  treatment  is  contraindicated  by  most  of  our  experience  in 
the  treatment  of  acute  cases.  Perhaps  the  method  may  well  be  held 
sub  judicc  imtil  its  success  has  been  demonstrated  in  a  large  number 
of  cases.] 

End-Results  of  Operative  Procedures. — Gill  ^-  has  studied  the  end- 
results  of  operative  procedures  for  the  improvement  of  function  in 
cases  of  poliomyelitis,  with  especial  reference  to  the  results  of  tendon 
transplantations  in  the  cases  at  the  Widener  Training  School  for 
Crippled  Children  in  Philadelphia.  One  of  the  important  causes  of 
failure  has  been  the  fact  that  the  transplantation  has  not  been  sufficient 
to  stabilize  the  foot.  He  urges  the  more  frequent  employment  of 
horizontal  transverse  section  through  the  subastragaloid  joint,  with  the 
displacement  of  the  foot  backward.  He  considers  7  to  8  years  the 
favorable  age  for  operation. 

Hoke's  Stubiliziiuj  Operation. —  Ihike,'"''  frankly  admitting  that  no 
one  can  convert  a  paralytic  deformed  foot  into  a  normal  one,  considers 
that  the  results  of  operative  procedures  may  be  reasonably  expected 
to  bring  about  the  following  desiderata :  (1")  natural  appearance  in 
shoes;  (2)  .stabilization,  so  that  the  patient  will  not  turn  laterally  on 
the  long  axis  of  the  foot  when  the  patient  is  standing  or  walking; 
(3)  stability  in  the  natural  or  nearly  natural  attitude,  so  that  they  do 
not  need  braces  to  hold  them  so;  (4)  the  presentation  of  no  gross 
deformity  when  barefooted.  Hoke  considers  that  tendon  trans- 
plantations have  been  largely  distinguished  by  their  failures.  The 
fi.xation  of  tendons  to  bone  to  produce  stability  is,  in  his  opinion, 
unmechanical  in  principle ;  and  he  has  not  attempted  to  attain  stability 
by  this  method.  Hoke  bases  his  operations  on  a  knowledge  of  the 
architecture  of  the  foot,  the  most  important  structure  of  which  he 
considers  to  be  the  head  and  neck  of  the  astragalus.     The  chief  feature 
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of  his  operation  is  tlie  removal  of  the  Iiead  and  neck  of  the  astragalus 
through  a  curved  lateral  incision,  reslia])ing  it  and  jjerhaps  denuding 
it  of  cartilage  as  the  architecture  to  be  corrected  requires,  and  then 
replacing  it.  h'dgment  and  experience  are  obviously  required  in 
reshaping  this  key  bone  in  the  ditTerent  types  of  paralytic  clubfoot, 
dropfoot.  flat  foot  and  their  combinations.  The  articular  surface  of 
the  scaphoid  and  the  superior  surface  of  the  os  calcis  are  denuded  of 
cartilage,  assuring  an  arthrodesis.  If  there  is  much  torsion  of  the  tibia, 
causing  rotation  of  the  lower  leg  and  a  backward  position  of  the 
external  malleolus,  an  osteotomy  of  the  tibia  is  performed  in  its  ujjper 
third.  Hoke  has  been  able  to  observe  the  end-results  of  fifty-four  of 
his  104  operations  of  this  type,  from  six  months  to  three  years  after 
the  operation.  In  one  case  a  second  operation  has  been  performed. 
.All  the  other  patients  po.s.sessed  stable  feet  when  ob.served. 

(Ed.  Note. — Hoke's  illustrations  are  very  impressive,  .'-lonie  of 
the  Editors  have  seen  many  of  his  end-results  and  consider  them  most 
satisfactory.  The  flexibility  and  normal  appearance  of  the  feet  are 
quite  striking.  His  methods  seem  to  the  Editors  to  warrant  a  more 
extensive  trial  by  other  surgeons.] 

Operation  for  Valgus  Feet. — Roberts  ^■'  has  devised  an  operation 
for  selected  cases  of  paralytic  valgus.  These  are  cases  in  which  there 
is  either  no  power  or  a  negligible  amount  of  power  in  the  anterior 
tibial  muscle  and  an  overaction  of  the  common  extensor  and  the 
peroneals.  The  Achilles  tendon  is  lengthened  if  necessary.  An  anterior 
incision  is  made  from  the  junction  of  the  lower  and  middle  thirds  of 
the  leg  to  the  annular  ligament.  The  anterior  tibial  is  divided  at  the 
junction  of  its  tendon  and  muscle,  overlapped  and  sutured  with  the 
foot  in  slight  varus  and  dorsiflexion.  The  common  extensor  tendon 
is  divided  at  the  annular  ligament;  the  distal  end  left  free,  and  the 
proximal  passed  through  two  slits,  being  woven  into  the  anterior  tibial 
tendon,  and  sutured  thereto.  He  reports  forty  cases  with  satisfactory- 
results  and  frequent  return  of  power  of  the  anterior  tibial  muscle. 

Mayer''''  has  divided  paralytic  flat  feet  into  four  types:  (  1 )  impair- 
ment but  not  total  loss  of  power  of  the  tibialis  anticus.  Treatment 
consists  in  correction  of  the  deformity  and  treatment  by  brace  and 
exercise.  (2)  Tibialis  anticus  completely  paralyzed  and  weakness  of 
the  other  invertors.  Treattnent  consists  in  mild  cases  of  transplanting 
the  extensor  longus  hallucis  to  the  dorsum  of  the  foot,  in  more  severe 
cases  the  peroneus  longus  being  brought  forward  to  replace  the  tibialis 
anticus.      (3)     Tibialis   anticus    and    tibialis    posticus    both    par.ilyzed. 
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Mayer  lielicves  that  no  treatment  liy  means  of  transplantation  of  ten- 
dons alone  is  satisfactory,  including  the  Whitman  loop  operation.  (4) 
All  invertors  of  the  foot,  including  the  gastrocnemius,  paralyzed,  .\fter 
a  bone  stabilization  of  the  ankle,  Mayer  divides,  but  does  nut  trans- 
plant, the  tendons  of  the  peroneals  and  toe  flexors. 

[Kd.  Note. — It  has  seemed  to  us  that  in  this  fourth  tvpe.  after  an 
astragalectomy  or  subastragaloid  stabilization,  the  tendon^  of  the  pero- 
neals may  be  safely  transplanted  into  the  os  calcis,  being  no  lunger 
needed  for  lateral   support.] 

ARTHRITIS 

Maximum  Fat  Feeding  in  Arthritis. — Wright  and  Hubbard  '"^  advo- 
cate a  70  to  75  per  cent,  fat  diet  in  cases  of  chronic  arthritis.  They- 
have  found  only  slight  traces  of  acetone  bodies  in  the  excreta.  Response 
to  this  diet  must  be  carefully  checked  by  urinalysis ;  but  in  this  way, 
diets  containing  minimal  amounts  of  carbohydrates  may  be  administered 
while  the  body  weight  is  maintained. 

Acute  Condition  of  Joints. — Ober,'''  after  a  long  war  experience, 
advises  against  a  too  quick  abandonment  of  immobilization  in  septic  r 
knee  joints.  By  no  means  all  septic  joints  treated  by  a  bent  Thomas 
splint  and  with  careful  attention  to  minor  detail  become  stiflf.  Surgical 
interference  must  be  gentle  and  precise.  Passive  manipulation,  frequent 
irrigations,  and  too  frequent  changing  of  the  dressing  all  tend,  in  Ober's 
opinion,  to  prolong  the  septic  process. 

Some  interesting  facts  and  figures  have  been  brought  out  by  Col- 
lings' ^*  study  of  517  cases  of  gonococcal  arthritis  in  the  Bellevue 
Hospital  wards.  If  a  patient  has  once  suffered  from  a  gonorrheal 
arthritis  and  receives  a  reinfection,  a  return  of  the  gonorrheal  arthritis 
may  be  exjiected.  Seventy-five  per  cent,  of  the  cases  of  gonorrheal 
arthritis  develoj)  within  fifteen  days  of  the  urethral  infection.  The  infec- 
tion is  usually  multiple.  Trauma  and  preexisting  chronic  arthritis  pre- 
disj^ose.  Collings  has  been  dissatisfied  with  the  relief  afforded  by  vaccines, 
serums,  drugs  and  operations  on  the  seminal  vesicles.  In  a  recent 
series  of  twenty-six  cases,  in  addition  to  removal  of  obvious  pyogenic 
foci  and  general  measures,  heavy  plaster  casts  were  applied  and  the 
patient  anchored  in  bed  by  them.  These  casts  have  been  split  after 
two  weeks ;  the  joints  exercised,  and  the  cast  reapplied  for  two  weeks 
more,  followed  by  baking,  massage  and  exercises.  If  this  treatment 
is    started   early,   excellent   results   may   be   expected.      None  of    these 
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joints  became  ank\'losed  or  required  arthrotoniy.  The  relief  has  been 
permanent  in  seventeen  of  the  cases  followed.  Of  his  517  patients 
treated  by  other  methods,  290  were  discharged  inijjroved ;  sixty  were 
considered  cured,  five  by  operation ;  thirty-seven  were  iinimjiroved,  and 
100  were  sent  to  other  hos])ilals  or  left  the  hosi)ital  at  their  own  risk. 

Ballenger  and  Elder  ■"'  have  been  treating  gonococcal  arlliritis  iox 
.several  years  by  withdrawing,  by  aspiration,  fluid  from  affected  joints 
and  injecting  from  15  to  50  c.c.  intramuscularly,  from  every  two  to 
seven  days.  In  acute  cases,  they  report  |)rcimpi  im])rovement  and 
remarkable  cures.  They  stale  they  have  aliandiir.cil  oilier  inelhods  or 
treatment,  such  as  serums,  hical  api)lications  and  fixation.  There  has 
been  accompanying  improvement  in  other  complicating  conditions,  such 
as  epidymitis.  prost.ititis.  posterior  urethritis  and  seminal  vesiculitis. 
Excellent  results  in  twenty-seven  cases  are  detailed.  They  consider  this 
a  preliminary  report  and  reserve  their  di.scussion  for  a  later  communica- 
tion. They  al.so  state  that  in  sixteen  cases  of  traumatic  arthritis  in 
which  they  em])loyed  the  same  method,  these  cases  made  more  rapid 
recoveries  than  in  a  control  .'■eries  in  which  the  joint  fluid  was  simply 
asjiirated,  but  not  injected. 

Dufour,  Thiers  and  Alexewsky  *"  rcixirted.  a  year  ago.  six  cases 
of  i)uru!ent  arthritis  rapidly  and  completely  cured  by  three  aspirations 
and  injections  of  0.6  c.c.  of  the  aspiration  material,  subcutaneously. 
One  patient  recovered  in  four  days  after  a  single  injection  of  20  c.c. 

Sieur  "  has  observed  the  results  obtained  in  blennorrhagic  arthritis 
by  the  injection  of  a  serum  prepared  by  himself.  The  injections  are 
given  daily  for  four  days.  The  fir.st  day  0.5  c.c.  is  given ;  the  second 
day.  1  CO.;  the  third.  1.5  c.c.  and  the  fourth.  2  c.c.  Joint  motion 
was  preserved. 

[Ed.  Note. — The  Editors  have  had  no  ex])erience  with  this  method 
of  treating  purulent  arthritis.  No  explanation  is  offered  by  the  authors  ; 
but  coming  from  widely  different  sources,  the  rejjorts  merit  attention 
and  perhaps  a  trial  of  the  method.] 

Coxa  Plana  (  Lcgy-Cah'e-Pcrthcs  Disease). — Calve'-  deduces  cer- 
tain conclusions  as  to  the  etiology  of  osteochondritis  of  the  hip  joint  in 
children,  or  coxa  plana,  as  he  prefers  to  call  it.  from  a  case  in  which 
roentgenograms  were  available  more  than  a  year  before  the  onset  of 
symptoms.  The  case  was  followed  by  roentgenogr.-'ms,  taken  two  and 
one-half  years  after  the  onset  of  symptoms.  The  conclusions  are: 
(1)  The  affection  is  not  congenital.     (2)  The  |)hase  of  invasion  of  the 
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e]iipln>ual  nuck-us  i'-  latent  frum  tlie  clinical  pciint  (if  \icw.  (o)  The 
clinical  jiliase.  corresponding  to  the  period  when  the  child  first  begins 
to  complain  of  i)ain,  is  considerably  later  than  the  real  beginning  of  the 
trouhlc.  (4)  At  the  beginning  of  the  clinical  phase,  there  is  a  cor- 
res])on(ling  roentgenogram  showing  an  established  and  characteristic 
lesion,  namely  a  laminated  and  fragmented  epiphysis.  (5)  The  regen- 
eration of  the  osseous  epi]ihyseal  nucleus  occurs  progressively  as  the 
osseous  fragments  augment  in  volume,  and  reunite,  finally  forming  one 
single  mass.  This  regeneration  continues,  and  there  is  :i  tendency  to 
a  return  of  normal  form.  Calve  believes  that  the  condition  represents 
an  acquired  articular  malformation,  characterized  by  a  flattening  of 
the  upper  femoral  epiphysis. 

Murk  lansen,''^  on  the  other  h.and,  believes  the  etiology  of  co.xa 
plana  may  be  explained  by  the  laws  of  bone  growth,  formation  and 
deformation.  He  considers  the  condition  congenital,  developing  only 
after  some  years  of  walking.  He  has  nciticed  that  the  widening  of 
the  femoral  neck  precedes  the  characteristic  flattening  and  cleavage 
of  the  epiphyseal  bone  center.  He  has  noticed  also  that  co.xa  plana 
often  develops  a  short  time  after  infectious  diseases,  the  injurious  agents 
of  which  have,  in  his  opinion,  temporarily  enfeebled  the  power  of 
growth  of  the  bone  and  contributed  to  its  plasticity.  The  association 
with  congenital  dislocation  of  the  hip  is  mentioned  and  the  condition 
often  follows  reduction.  The  signs  of  local  infection  Jansen  considers 
to  be  absent. 

Mouchet  "  also  regards  the  condition  as  a  disturbance  of  growth. 

Vulliet  *■''  ajiplies  the  name  dystrophia  to  this  condition  and  places 
it  in  the  same  class  as  lesions  of  the  tibial  tubercle,  scaphoiditis,  and 
apophysitis.  He  notes  its  indolence  and  its  spontaneous  functional 
recovery. 

ilxpcrtropluc  or  Dcticncrativc  Arthritis  or  Oslco-Arthritis. — Elv  *" 
calls  this  form  of  arthritis  the  second  great  type.  The  essential  pathol- 
ogy, in  his  opinion,  is  an  aseptic  necrosis  in  the  bone  marrovy  near 
the  joint  surface.  He  assumes  infection  to  have  been  originally  present, 
but  to  have  died  out.  The  dense  eburnated  bone  is  the  wall  nature 
builds  up  between  the  diseased  area  and  the  joint,  and  the  cartilage 
degenerates  and  wears  off.  The  condition  is  more  frecjuent  in  men 
than  in  women  and  is  a  disease  of  later  life.  Ely  has  found  an  almost 
constant  association  of  infection  in  the  alveolar  processes  and  believes 
that  the  first  step  in  treatment  should  be  the  remoxal  of  all  dental 
foci  of  infection. 


43.  Jansen:    J.  Orthop.   Surg.  3:706    (Dec.)    1921. 

44.  Mouchet:    Medecine  3:27   (Oct.)    1921. 

45.  Vulliet:    Rev.  med.  de  la  Suisse  Rom.  40:8(16   (July)    1921. 

46.  Ely:    California  State  J.  M.  19:415   (Oct.)   1921. 


PROGRESS    IS     OKTIIOI'liDIC    SURGERY  427 

A  later  report  of  I'.ly.  Kci'il  and  W  vckdft  '"  anii(miH'c>  ihc  (liM-(i\er\- 
of  an  ameba  in  tlie  cavitio  whicli  lu-  lias  dcsv-ribcd  in  a  frfshly  removed 
liead  of  the  femur.  The  presence  of  this  ameba  has  been  confirmed 
bv  Kofoid.  and  experiments  are  in  ]irogress  to  determine  whether 
satisfactory  proof  can  be  established  which  will  connect  this  ameba 
with  the  disease  in  an  etiologic  relation. 

.\i  a  recent  meeting  of  the  British  (  )rtho])aedic  .Assdciatidn.'"  an 
important  and  lengthy  di.scussion  was  held  on  the  o])erati\e  treatment 
of  osteo-arthritis  of  the  hip.  The  views  expressed  were  varied  ;  but 
no  surgeon  present  was  inclined  tf>  be  dogmatic  concerning  either  o]iera- 
tive  treatment  in  genend  or  any  s])ecial  operative  procedure.  It  was 
generally  agreed  that  the  degenerated,  overgrown,  often  mushroomed 
head  of  the  femur,  seen  .so  often  as  a  result  of  the  chronic  arthritis 
of  later  life,  presented  the  most  .serious  problem  of  treatment. 
Elmslie  believes  that  in  this  tyjie  arthrodesis  is  a  better  operative  pro- 
cedure than  excision.  Sir  Robert  Jones  also  cautioned  against  excision 
in  the  older  cases,  considering  it  acconi])anied  by  too  much  shock. 
Aitken,  in  closing  the  discussion,  stated  that  it  seemed  to  be  the  con- 
.sensus  of  opinion  of  those  present  that  if  motion  was  the  end  sought 
by  operation,  a  free  excision  was  more  likelv  to  afiford  a  satisfactory 
end-result  in  these  cases  than  was  a  more  fdrnial  arthroplastic  operation. 

NEOI'LASMS 

SarcouM  of  Boitc. — dreenough,  Simmons  and  Harmer '"  have 
reviewed  the  148  ca.ses  of  patients  with  what  was  supposed  to  be  bone 
sarcoma  admitted  to  the  Massachusetts  and  the  Huntington  Memorial 
hospitals  for  a  period  of  ten  years.  Adojning  Rwing's  classification, 
they  found  twenty-.seven  cases  of  the  osteogenic  type ;  twelve  cases 
of  benign  giant  cell  tumor;  one  case  of  angiosarcoma:  three  cases  of 
myeloma,  in  which  full  and  conclusive  data  were  available.  .A  historv 
of  trauma  was  more  frequently  obtained  in  the  osteogenic  tvpe  than 
in  the  other  types,  ten  out  of  tweiU\-seven.  .Spontaneous  fracture 
was  common. 

The  roentgenograms  are  quite  characteristic  in  the  ordinary  ])erio- 
steal  variety  of  osteogenic  tumor,  with  its  new  perio.steal  bone  and 
ray  like  appearance,  but  five  of  their  osteogenic  cases  showed  the 
tumor  to  be  of  central  origin,  with  no  obvious  new  growth  bevond  the 
cortex,  and  very  like,  in  roentgenologic  ajjpearance.  a  giant  cell  tumor. 
In  two  of  their  cases,  there  was  little  evidence  of  new  bone  fonuation 
and    some    evidence    of    Wme    destruction,    resembling    verv    closely    a 
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metastatic  caiu'er  <ir  an  osteomyelitis.  The  characteristic  cell  of  the 
fundamental  tissue  is  the  spindle  cell  tihroblast,  the  progenitor  of  bone 
forming  tissue.  They  rejjort  three  (since  publishing  only  two)  apparent 
cures  without  known  recurrence  from  twenty-three  amputations  or 
radical  removal  in  osteogenic  sarcoma.  (  )ne  of  these  was  of  the  jaw. 
The  average  duration  of  life  in  patients  dying  of  recurrence  was  11.5 
months.  They  have  observed  no  material  benefit  from  treatment  by 
Colev's  scrum  in  four  cases.  They  agree  with  Bloodgood  as  to  the 
benign  nature  of  this  contlilion,  with  no  tendency  to  metastasis.  The 
tissue  is  composed  of  fairly  typical  fibroblasts  and  large  numl^ers  of 
endothelial  foreign  body  giant  cells,  which  dominate  the  picture.  New 
bone  ]M-oduction  is  not  characteristic.  Thorough  local  extirpation  is 
advised.  Tn  the  three  cases  of  myeloma  proved  by  microscopic  exam- 
ination the  picture  was  of  plasma  cell  myeloma.  Two  were  apparent 
instances  of  single  foci  of  the  disease.  No  Bence-Jones  bodies  were 
ever  demonstrated  in  the  urine  of  these  patients. 

Harmer,''"  writing  independently  on  bone  sarcoma,  urges  the 
cooperation  of  all  surgeons  with  the  Registry  of  Bone  Sarcoma,  which 
has  been  established  by  the  Ainerican  College  of  Surgeons  under  Cod- 
man.  Bloodgood  and  Ewing.  Information  may  be  obtained  from  Dr. 
E.  A.  Codman,  227  Beacon  Street,  Boston,   Mass. 

Barrie  "''  still  maintains  that  the  so-called  giant-cell  benign  tumors 
have  few,  if  any,  characteristics  which  entitle  tliem  to  be  classed  as 
sarcomas.  Seventy-five  per  cent,  of  Barrie's  forty  cases  suggest  trauma 
as  the  etiologic  factor.  In  no  case  in  which  ossification  had  not 
occurred,  that  is,  in  the  youthful  cases,  had  there  been  a  penetration 
of  the  epiphyseal  cartilage.  He  urges  that  these  lesions  be  classed  as 
osteomyelitis,  and  uses  the  term  hemorrhagic  osteomyelitis. 

Turner"'-  reports  two  cases  of  myeliima  of  the  vertebrae  which 
came  to  necropsv.  The  coiu'se  in  one  had  Ijeen  progressive,  with  severe 
|)ain,  emaciation,  moderate  cachexia,  diarrhea  and  coma;  in  the  other, 
there  had  been  paraplegia,  cystitis  and  death.  The  roentgenograms 
had  shown  extreme  atrophy  of  the  bodies,  with  narrowing  and  flatten- 
ing, but  no  disturbance  of  the  intervertebral  disks. 

Morrison'"  records  an  apparent  cure  by  roentgen-ray  therapy  of  a 
case  of  osteosarcoma  of  the  femur  with  metastasis.  A  section  for 
microscopic  examination  had  been  removed  from  the  femur ;  but  no 
attempt  had  been  made  to  eradicate  the  disease.  Later  there  was  a 
fracture  of  the  femur.     There  were  metastases  in  the  left  frontal  and 
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right  (iccij)ital  regions.  The  frontal  lesion  was  incised  and  drained 
and  yielded  more  quickly  to  the  same  dosage  of  radiation  than  the 
occi})ital  lesion. 

(ISTKO.MVELITIS 

Oslcoiiiyclifis  Secondary  to  Compound  fracture. — Mebane  '^  has 
analyzed  359  cases  of  chronic  osteomyelitis  secondary  to  com])ouiid 
fracture  encountered  at  Fort  Sheridan  from  August,  1919,  to  .\tigust, 
1920.  More  than  half  of  these  required  further  operative  work,  14,5 
bone  operations,  fifty-six  plastic  (liberations,  and  thirty-six  drainage 
operations  for  abscess.  About  10  per  cent,  were  still  unhealed  after 
two  years  of  hospital  treatment.  In  this  .series,  chronic  osteomyelitis 
of  spongy  bone,  that  is,  of  the  epiphyseal  portions  of  the  long  bones 
and  of  the  carpal  and  tarsal  bones,  was  more  difficult  to  cure  than 
osteomyelitis  f)f  the  compact  shaft  of  the  long  bones.  His  conclusion 
is  that  in  extensive  tar.sal  involvement,  if  healing  has  not  taken  place  in 
six  months  of  efficient  treatment,  amputation  is  to  be  advised,  and  he 
holds  the  same  view  in  relation  to  epiphyseal  osteomyelitis  when  resec- 
tion is  impracticable.  Osteomyelitis  of  the  femur  seems  the  most 
difficult  to  cure.  Forty-five  per  cent,  of  the  unhealed  cases  involved 
this  bone.  The  ojierative  measures  which  gave  the  best  results  were 
careful  efTacements  and  partial  closures.  Thorough  surgical  procedures 
are  more  im])ortant  than  the  em]jloyment  of  chemicals  at  the  time  of 
operation.  Rcfracture  is  a  common  .sequel,  but  union  is  the  rule. 
Nonunion  occurred  in  only  two  of  the   fourteen  cases  of  refracture. 

Utiusual  Bone  Involvements. — Duguet  ■'•''  reports  a  case  of  osteo- 
myelitis confined  to  the  patella.  The  joint  was  aspirated  and  a  negative 
culture  obtained.  Two  fistulas  occurred  and  later  a  sequestrum  was 
removed  from  the  patella  without  signs  of  infection  of  the  joint.  There 
was  some  sejjaration  of  the  cartilage  from  the  bone,  and  excel- 
lent function  resulted  with  a  normal  gait.  Little  bone  regeneration 
occurred  and  atrophy  of  the  quadriceps  persisted. 

X'alentini  ''"  reports  a  case  of  osteomyelitis  ( mixed  Slapliylococcu.'; 
aureus  and  strejitococcus,  involving  the  fibula  only).  He  can  find  only 
four  other  cases  reported  in  the  literature.  Two  large  sequestnnns 
were  removed  ;  the  cavity  of  the  tone  curetted,  and  j)rompt  healing 
took  place. 

(ieist  ■''  has  encountered  six  cases  of  osteomyelitis  of  the  ])elvic 
bones,  five  of  them  in  children.     In  only  one  case  was  the  hi])  joint 
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invdlvcd  lalt-r.  Tliree  cases  iiuiilvcd  llie  ilium,  two  tile  iseliiuni  and 
niie  the  i)ulies.  All  the  patients  recovered  after  surgical  interference, 
with  persistin,^  sinuses  in  only  Iwm  cases.  In  all  the  cases,  there  were 
an  acute  onset,  fever  and  pain  referred  chiefly  to  the  hip  and  leg. 

Jones''*  reports  a  typical  case  of  the  sclerosing,  nonsuppurative 
osteomyelitis  described  by  (Jarre  in  1891.  He  considers  the  condition 
a  distinct  entity.  In  most  cases  the  onset  is  acute,  accompanied  by 
fever,  swelling  of  the  affected  limli.  pain  at  the  site  of  the  bone  lesion, 
and  infiltration  of  the  soft  parts,  without  reddening  of  the  skin.  At 
operation  no  pus  is  found  and  the  jjrocess  is  chiefly  a  proliferative 
one,  the  medulla  being  converted  into  a  sclerosed  mass  of  bone.  The 
cultures  were  negative  and  the  microscopic  examination  revealed  only 
sclerosis.  Pain  was  relieved  by  opening  the  sclerosed  mass  into  what 
was  formerly  the  medulla.  Convalescence  was  uneventful.  The  condi- 
tion may  well  be  confused  with  syphilis,  the  solid  types  of  osteitis 
fibrosa  and  sarcoma.  Jones  hazards  the  opinion  that  some  of  the  cases 
of  osteogenic  sarcoma  reported  as  cured  by  amputation  represent 
this  condition   wrongly  di;ignosed. 

.Sl'Kr.EKN'      (IF      r.ONES,      Jill  NTS     .\ND     TENDONS 

Rone  Trmisf'laiitutioii. — Nathan  '■'■'  discusses  the  biology  of  bone 
development,  lie  affirms  the  original  conclusions  of  (Jllier  and  con- 
siders the  diversities  of  opinion  which  have  since  arisen  to  be  due 
not  to  dift'erences  in  actual  experimental  findings,  but  sim])ly  to  a 
confusion  of  temis.  Nathan  is  con\-inceil  that  bone  dies  when  trans- 
jilanted,  wb.ether  supplied  with  i;eriosteum  or  endosteum,  neither  or 
both.  Hone  is  produced  only  by  those  cells  called  osteoblasts.  These 
cells  are  confined  to  the  cambium  layer  of  the  periosteum  or  endosteum 
and  are  found  to  some  extent  in  the  bone  marrow.  When  the  trans- 
plant consists  of  bone  denuded  of  both  periosteum  and  endosteum. 
osteoblasts  can  come  only  fmni  the  living  bone  into  which  it  is 
implanted.  (Jn  the  other  hand,  the  grafts  which  contain  these  structures 
are  already  .supplied  with  osteoblasts  and  these  cells  are  excited  to 
])roliferation  when  in  contact  with  dead  bone.  Thus,  the  regenerative 
])rncess  is  greatly  increased  in  rapidity  and  extent,  and  the  chances 
of  development  of  new  bone  before  the  transplanted  lione  is  completely 
absorbed  are  greatly  enhanced. 

McWilliams' ""  study  of  l.,i''ll  cases  of  bone  grafting  rejiorts  82.3 
ijcr  cent,  of  success  and   17. d  per  cent,  of  f.iilures.     The  percentage  of 


58.  Jones,  S.   F. :    Sclerosing   Nonsuppurative  Osteomyelitis   as   Dcscri1)e(i   by 
Garre,  J.  A.  M.  \.  77:986  (Sept.  24)    1921. 

59.  Nathan:    New  York  M.  J.  114:454   (Oct.   19)    1921. 

60.  McWilliams:    .Ann.   Surg.   74:286    (Sept.)    1921. 
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successes  by  difterent  methods  was  as  follows:  ia)  simple  bone 
pegs,  95.8  per  cent.;  {b)  osteoperiosteal  method  ( Delangeniere).  87.3 
per  cent.;  (c)  end-to-end  without  inlaying,  82.5  per  cent.;  id)  inlay 
method,  80.9  per  cent.;  (<?)  intermedullary  method  (Murphy),  76.6 
per  cent. ;  (/)  combined  intermedullary  at  one  end  and  inlay  .it  the 
other,  60  per  cent.  The  statistics  .seem  to  show  that  the  presence  or 
ab.sence  of  the  ])eriosteum  of  the  graft  makes  no  ditiference  in  the 
likelihood  of  success.  Thirty-two  per  cent,  of  the  infected  cases 
were  successful ;  but  suppuration  is  the  commonest  cause  of  failure. 
Failure  to  inmiobilize  sufficiently  thoroughly,  and  for  a  period  of  from 
four  to  six  months  appeared  to  be  a  second  common  cause  of  failure. 
The  most  .successful  method  seems  to  be  the  osteoperiosteal  method  of 
De'.angeniere,  the  defect  being  filled  in  with  bone  chips,  and  one  or 
two  strips  of  ]3eriosteum  with  adherent  osseous  plaques  taken  from 
another  bone  being  laid  in,  covering  the  bone  chips  and  overlapping  the 
ends  of  the  fragments.  The  method  is  applicable  to  both  large  and 
small  defec-ts.  The  intramedullary  method  of  grafting  should  be  dis- 
carded, in  Mc\\'illiams'  opinion.  There  would  seem  to  be  sufficient 
evidence  to  prove  ih.it  the  most  effectual  treatment  of  nonunion  of 
fractures  is  bone  grafting. 

Fieschi  "'  reports  a  case  of  removal  of  the  entire  ulna,  except  its 
upper  e]3iphy.sis,  for  tumor,  and  the  substitution  of  a  similar  ])ortion 
of  the  ulna  from  a  cadaver,  sterilized  in  an  autoclave.  The  wound 
healed  by  first  intention ;  but  in  .s])ite  of  this  fact  and  the  mechanical 
need  of  substitution,  the  host  never  ceased  to  attack  the  foreign  body, 
and  in  forty-two  months  roentgenograms  revealed  complete  absor])tion. 

Tendon  Transference. — Starr's  "-  conclusions  from  a  .study  of  the 
end-results  of  fifty-two  o]3erations  of  tendon  transference  which  he 
has  i^erformed  for  the  relief  of  war  injuries,  chiefly  in  irreparable 
nerve  injuries  in  the  arm,  are  valuable:  (1)  So  far  as  possible,  muscles 
having  similar  action  to  the  ones  they  are  to  replace  should  be  employed. 
(2)  If  only  a  portion  of  a  muscle  is  to  be  employed,  it  must  h.ne  the 
same  action  as  the  muscle  it  is  to  replace.  (3)  The  line  of  pull  shouM 
be  as  straight  as  possible.  (4)  The  fixation  of  the  muscle  should  be 
made  with  a  good  deal  of  tension.  (5)  Bony  deformity  due  to  contrac- 
tion of  tissues  should  be  overcome  before  the  transfer  of  muscles  is 
attempted.  (6)  Tendons  should  run  in  fatty  subcutaneous  tissue 
rather  than  in  the  sheath  of  other  muscles.  (7)  In  the  lower  extremity, 
transferred  tendons  should  be  in.serted  into  bone  or  periosteum;  in 
the  upper  extremity,  they  may  safely  be  attached  to  paralyzed  tendons. 

61.  Fieschi:    Chir  d.  org.  d.  movimento  5:359   (Aug.)    1921. 

62.  Starr:    J.  Bone  &  Joint  Surg.  4:3   (Jan.)    1922. 
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(<S)  Linen  thread  is  the  liest  material  for  suture,  and  the  fixation  of 
tendon  to  tendon  nnisi  l)e  adequate.  (9)  Immohihzatinn  for  three 
weeks  should  be  ihe  rule  and  then  muscle  training  begun. 

Henderson  "^  has  employed  the  tendon  of  the  peroneus  longus  to 
make  good  a  defect  in  the  triceps  tendon,  interlaying  it  into  the  triceps 
muscle  and  inserting  it  into  the  proximal  end  of  the  ulna.  He  finds 
the  results  cjuite  satisfactory  and  the  peroneus  brevis  and  tertius  have 
been  strong  enough  to  preserve  the  stability  C)f  the  foot. 

Central  Bone  .tbsccss. — McW'illiams  "*  quotes  Brodie's  original 
article  to  ])rove  that  the  condition  he  described  (Brodie's  abscess) 
was  not  a  tuberculous  aliscess  as  he  supposed,  but  a  pyogenic  one. 
Of  115  cases  of  chrnnic  su{)])urative  osteomyelitis  treated  at  the  Pres- 
bj'terian  Hospital  in  se\en  years,  only  three  represented  true  Brodie's 
abscess.  They  are  treated  successfully  by  opening,  cleaning  them  out, 
partially  closing  them,  and  treating  them  bv  surgical  solution  of 
chlorinated  soda  ( Carrel-Dakin  technic )  until  the  smears  show  no 
organism  when  they  are  closed  by  secondary  suture.  He  calls  attention 
to  the  fact  that  the  roentgenograms  may  fail  to  show  any  more  cen- 
trally located  lesion  because  the  surrounding  bone  is  sclerosed,  and 
he  advocates  exploring  any  tender  swelling  of  bone  in  which  traumatic 
periostitis,  syjihilis,  cyst  and  neoplasm  can  be  ruled  out. 

Sprain  Fracture  Tubercle  of  Tibia  {Osgood-Schlatter). — So'.ieri  "^ 
and  Soule '■■'  both  report  successful  treatmeiit  of  these  partial  detach- 
ments or  traumatic  epiphysites  of  the  tibial  tubercle  bv  drixing  a 
heme  ])eg  through  the  affected  tu1)crcle  into  the  tibia. 

[Vai.  Note. — We  have  no  doubt  of  the  success  nf  this  measure;  Ijut 
we  have  yet  to  see  a  typical  case  in  which  a  (|uick  and  permanent  re'ief 
from  s\niptoms  cannot  lie  attained  by  adhesive  plaster  strapping  main- 
tained for  five  or  six  weeks,  the  patient  being  allowed  to  l)e  aljout 
on  his  leg.  We  do  not  consider  a  true  separation  of  the  tubercle  in 
an  adult  a  typical  case  of  this  syndrome.  Bone  pegs  and  more  coniijleie 
fixation  may  well  be  advisable  in  these  more  severe  injuries;  but  in  the 
ordinary  adolescent  case  we  may  perhaps  choose  the  less  elaborate  and 
less  laborious  of  two  equally   successful   methods  of  therapy.] 

Shoulder  and  Arm  Disabilities. — Steindler '''  has  again  studied  the 
end-results  of  his  operative  proL-edures  for  shoulder  and  arm  dis- 
aliilities.  He  is  gratified  at  the  results  in  his  cases  of  arthrodesis  of 
t'lc  shoulder,   which   he  believes   mav  be   succcssfullv  accomplished  as 


6.?.  Henderson    M.  .S. :    Restoration  of  Triceps  Tciiilon  1  y  Tr;insplanlation  of 
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early  as  6  years  of  age.  by  making  a  curved  incision  from  the  sj)ine 
of  tlie  scapula  to  the  coracoid  process,  dividing  the  acromion  and  reflect- 
ing it  witli  the  deltoid  muscle,  which  gives  an  excellent  aiijiroach  to 
the  joint.  He  recommends  fixation  at  a  right  angle  to  the  body  in 
the  neutral  position  in  children,  .^teindler  is  also  continuing  to  perform 
his  operation  of  transi)lanting  the  whole  origin  of  the  flexor  group  of 
muscles  in  certain  cases  of  arm  paralysis  to  a  point  2  inches  (5  cm.) 
higher  up,  holding  the  arm  in  acute  flexion  for  two  months,  and  begin- 
ning massage  and  exercise  in  the  third  week.  The  best  results  were 
obtained  when  the  operation  was  combined  with  arthrodesis  of  the 
.shoulder  or  wrist. 

Posterolateral  hhisioii  for  Reiiioz'al  of  Loose  Bodies  front  Posterior 
Compartment  of  Knee  Joint. — I  lenderson,"*  finding  the  straight,  pos- 
terior, median  incision  of  Brackett  and  Osgood  difficult  to  make  in 
fat  patients  and  requiring  careful  dissection  to  avoid  injury  to  the 
vessels  and  nerves,  has  approached  this  deeply  placed  compartment  of 
the  knee  by  Literal  incision.  The  patient  lies  on  his  back  and  the  knee 
is  fle.xed.  For  a  mesial  approach,  the  incision  is  just  in  front  of  the 
relaxed  tendons  of  the  sartorius,  gracilis,  .semitendinosus  and  iiicni- 
branosus  nuiscles.  For  a  lateral  approach,  the  incision  is  in  front  of 
the  line  of  the  fibula. 

[Fn.  XoTi-:. — \\'e  still  consider  that  tiie  median  ])ostcrior  incision 
affords,  except  perhaps  in  very  fat  patients,  a  more  complete  exposure 
to  all  parts  of  the  posterior  compartment  of  the  knee  joint.  The 
danger  of  wounding  the  vessels  and  nerves  is  hardly  to  be  feared.  These 
structures  may  be  easily,  without  undue  trauma,  retracted  to  the  outer 
side.] 

Rceonslriiction  of  the  Lateral  Ligament  of  the  Knee  Joint. — 
Wil-son,"-'  in  a  well  illustrated  article,  describes  the  details  of  an  opera- 
tion which  be  has  performed  successfully  in  two  cases  of  torn  internal 
lateral  ligament  of  the  knee.  This  consists  in  turning  down  a  wide 
flap  of  fascia  lata',  three  times  as  broad  as  is  required,  and  after  having 
folded  it  on  itself,  in.serting  it  into  the  bone  of  the  femoral  condyle 
and  tuberosity  of  the  tibia  by  raising  osteoperiosteal  fla])s  and  suturing 
them  over  the  insertion  of  the  fascia.  Wil.son  .states  that  persistent 
abnormal  abduction  of  the  leg  in  extension,  without  abnormal  antero- 
posterior or  lateral  mobility  in  flexion,  is  probably  due  to  laceration  of 
the  internal  lateral  ligament.  Persistent  instability  due  to  laceration  of 
the  internal  lateral  ligament  will  require  correction  by  surgical 
procedure. 


fiS.  Henderson:    Surg..  Gynec.  &  Ol.st.  83:698   (Dec.)    1921. 
69.  Wilson:    J.  Bone  &  Joint  Surg.  4:129-1.M   (Jan.)    1922. 
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Special  Knife  for  Kcniuivl  (if  Meniscus  of  Knee. — Freiljers^  ■"  has 
devised  a  special  knife  to  facilitate  the  removal  of  the  posterior  ]jor- 
tion  of  a  meniscus  of  the  knee  joint.  The  knife  has  a  cutting  edge  at 
an  angle  of  135  degrees  with  the  shank,  its  end  being  rounded  instead 
of  ])()inted,  so  that  one  may  cut  with  the  extreme  end  of  the  knife  as 
well  as  with  the  blade.  The  shank  of  the  knife  is  2  inches  (3  cm.) 
lung  ,'nil  the  handle  is  ,5  inches  (  12.7  cm.  ). 

PERIPIIER.AL      NERVE     LE.SIONS 

Piatt,"  after  a  very  wide  experience  in  the  surgery  of  peripheral 
nerve  lesions,  advocates :  ( 1 )  the  most  ample  anatomic  exposure  from 
the  beginning  of  the  operation,  as  a  routine;  (2)  the  constant  employ- 
ment of  direct  electrical  stimulation  by  means  of  the  bipolar  electrode ; 
(3)  the  standardization  of  those  positions  of  the  patient  and  the  limb 
on  the  operating  table  which  will  minimize  the  difficulties  of  accom- 
plishing end-to-end  suture  without  undue  tension.  Piatt  has  followed 
the  end-results  of  248  cases.  One  hundred  and  fifty  of  these  were  end- 
to-end  sutures.  Seventy-nine  per  cent,  presented  varying  degrees  of 
recovery;  21  per  cent,  were  complete  failures.  The  influences  which 
inhibit  the  success  of  the  operative  procedure  are  :  (  1 )  the  period  since 
injury,  progressively  inferior  results  being  seen  with  increasing  delay; 
(2)  infection,  which  delays  regeneration;  (3)  the  nature  of  the  nerve 
bed,  which  is  almost  negligible  unless  the  nerve  trunk  is  subjected  to 
bony  friction;  (4)  the  topography  nf  the  nerve,  accounting  for  many 
failures;  (5)  level  of  suture,  regeneration  in  the  distal  part  of  the  limb 
being  likely  to  be  fickle.  Eighty  operations  of  neurolysis  were  per- 
formed, with  75  per  cent,  of  recoveries  or  improvements,  but  Piatt 
believes  that  it  is  difficult  to  estimate  the  exact  influence  of  the  operation. 
Eighteen  operations  of  nerve  bridging  were  performed  and  they  were 
all  complete  failures. 

MacKay,'-  from  a  study  of  more  than  600  nerve  cases  at  the  Gran- 
ville Canadian  Hospital,  has  become  convinced  that  the  analysis  of  the 
voluntary  muscular  contml  is  the  surest  guide  to  the  determination  of 
the  exact  nerve  lesion.  Trick  movements  must  be  most  carefully 
excluded. 

Harris '■'  has  written  a  valuable  article  tin  the  treatment  of  irrei)ar- 
able  nerve  injuries,  dealing  with  the  detailed  anatomy  of  the  forearm 
and  hand.  The  article  cannut  well  he  reviewed  in  short  space,  but 
should  be  commended. 
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IVritcrs'  Cramp. — Bates'*  reports  three  cases  of  so-called  writers' 
cramp  which  he  relieved  completely  by  the  simi)le  method  of  having 
the  patients  note  the  position  in  which  they  placed  their  hands  during 
sleep.  It  was  found  that  all  three  slept  with  their  hand  or  hands  ( in 
the  bilateral  cases)  beneath  the  cheek  or  head.  'I'lie  >ynipt(inis  entirely 
disappeared  when  the  habit  was  corrected. 

DISI.IKWTIONS 

Carpal  Luxations  and  Subluxations. — Xicotra '"'  discusses  the  dis- 
locations of  the  carpal  bones  and  reports  two  cases  of  crushing,  twist- 
ing injuries,  causing  fracture  luxations  and  subluxations  of  the 
scaphoid,  semilunar  and  cuneiform  bones.  .\n  interesting  observation 
of  the  author  is  that  fractures  of  the  scaphoid  are  usually  due  to  falling 
on  the  palm  with  the  hand  dorsally  flexed  on  the  forearm  and  radially 
deflected,  while  dislocations  are  due  to  falling  on  the  jialni,  with  the 
hand  dorsally  flexed  on  the  forearm,  but  deflected  ulnaward. 

Subluxation  of  the  Shoulder  Dozvnward. — Cotton'"  calls  attention 
to  a  group  of  shoulder  injuries  followed  by  a  troublesome  weakness 
of  the  deltoid  and  supraspinatus,  which  are  c  if  ten  diagnosed  as  circum- 
flex paralysis.  These  symptoms  are  due,  he  thinks,  to  a  sagging  of 
the  heavy,  swollen  arm,  often  .susfjended  in  fractures  of  the  humerus 
only  by  the  wrist,  which  results  in  a  true  subluxation  of  the  head 
downward  in  the  glenoid  and  an  overstretching  of  the  deltoid  and 
supraspinatus.  The  treatment  consi.sts  of  early  massage  and  the  sujjport 
of  the  whole  arm  as  soon  as  the  condition  of  the  lesion  makes  it 
possible.     He  reports  nine  cases. 

Recurrent  Dislocation  of  the  Sluuddrr. — .""iandes  ' '  fa>hi(ins  an 
artificial  ligament  from  a  .strip  of  fa.scia  lata,  and  passing  it  through  a 
drill  hole  in  the  head  of  the  humerus,  fa>ten>  it  as  a  sling  over  the 
clavicle. 

Tavernier  and  Jalifcr"'  recommend  a  very  thorough  examination 
of  patients  exhibiting  this  condition  and  urge  a  more  complete  opera- 
tion than  simple  cai)sulorraphy.  The  capsule  should  be  oijcncd  and 
the  joint  examined.  In  one  of  tiicir  cases  a  diveriicnlum  in  tiic  antcru- 
mesial  portion  of  the  capsule  was  discovered  and,  in  another  a  tear  of 
the  capsule  was  found  in  the  antero-inferior  quadrant,  with  detached 
ends  hanging  loosely  into  the  joint. 
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Coiigciiilal  llislocation  of  the  Shoulder. — Taylor  ■'■'  rejjlies  to  the 
article  of  T.  T.  Thomas,  in  which  Thomas  maintains  that  the  cause 
of  hrachial  palsy  is  a  congenital  dislocation  or  posterior  subluxation  of 
the  shmildcr.  Taylor  has  heen  imahk-  to  lind  a  record  of  a  single  case 
of  posterior  suliluxation  of  the  shoulder  noted  at  birth  in  association 
with  l)rachial  palsy  or  obstetric  paralysis.  Obstetricians  connected 
with  three  large  lying-in  hospitals  in  New  York  have  never  seen  the 
association  of  the  two  conditions  at  birth.  Taylor  has  never  seen  a 
posterior  subluxation  of  the  shoulder  in  a  case  of  brachial  palsy  in  a 
patient  less  than  6  weeks  old.  He  concludes  that  the  subluxation  must 
be  secondary  and  not  primary,  and  presents  many  cases  in  which  posi- 
tive findings  in  injury  to  the  roots  of  the  brachial  plexus  have  been 
demonstrated  at  necropsy. 

Lii.vatiou  of  the  Right  Innouunate  Bone. — Montagard  and  Moreau  "" 
have  seen  a  case  in  which,  as  the  result  of  an  automobile  accident, 
the  right  iliac  bone,  as  a  whole,  had  been  dislocated  upward,  both  at 
the  symphysis  pubis  and  the  sacro-iliac  synchondrosis.  The  lower 
border  of  the  right  acetabulum  was  on  a  level  with  the  upper  border 
of  the  left.  There  were  no  signs  of  fracture  to  be  discovered.  Partial 
calcification  of  the  fibrocartilage  between  the  separated  bones  had  taken 
jilace  and  some  osteophytic  change.  The  patient  walked  well,  with 
no  inconvenience,  except  for  the  shortening. 

FR.\CTURES 

Fractures  at  the  W'ri.^t. — .'^chunneier  ^'  has  noted  the  much  higher 
percentage  of  articular  invohement  in  chatiiTeur's  fracture  of  the  radius 
than  in  the  ordinarx'  Colles'  fracture.  He  explains  this  fact  by  the 
diliferent  direction  in  which  the  causative  force  is  applied.  In  Colles' 
fracture  the  force  is  applied  with  the  wrist  dorsiflexed  and  radially 
deflected  (abducted),  and  the  articular  surface  of  the  radius  comes 
in  contact  with  the  broad  surface  of  the  scaphoid  and  usually  escapes 
injury.  In  chauffeur's  fracture,  the  force  is  received  with  the  wrist 
in  the  neutral  position  and  deflected  ulnaward  ( adducted ) ,  which 
brings  the  articular  surface  of  the  radius  in  contact  with  the  angular 
or  ])ointed  surface  of  the  scaiihoid,  which  fre([ucntly  causes  s])lintering 
of  the  articular  surface. 

Siipvaioudxlai-  Himieral  Fractures. — Baumgartner  "-  re])orts  prac- 
tically  perfect    results   in    hve  cases   of   supracondylar   fracture  of  the 
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humerus  treated  by  continuous  traction  and  counter  traction  with  tiie 
arm  in  a  straight  line.  In  the  earl)-  cases  the  traction  satisfactorily 
reduced  the  deformity.  In  two  older  cases  it  maintained  tlic  position 
after  manipulation  had  reduced  the  deformity. 

Fracture  of  the  Neck  of  the  Scapula. — Cotton  and  P.rickley  ■ '  do 
not  agree  with  Sir  A.stley  Cooper's  classical  jjicture  in  fracture  of  the 
neck  of  the  scapula  of  a  drooping  shoulder  rejjlaceable.  but  tending  to 
fall  away  from  gravity  pull.  As  they  have  .seen  the  condition,  the 
shoulder  appears  to  be  displaced  inward  and  to  be  narrower  than  the 
normal  side.  Their  treatment  is  to  reduce  the  deformity  by  levering 
the  head  of  the  humerus  outward,  over  the  fist,  in  the  axilla  as  a 
fulcrum.  A  heavy  wedge-shaped  pad  is  placed  in  the  axilla :  the  arm 
is  brought  to  the  side  and  held  as  tightly  as  the  circulation  will  allow 
by  adhesive  plaster.  A  pillow  rolled  lengthwi.se  is  strapped  vertically 
to  the  middle  of  the  back  and  a  3  pound  sand  bag  laid  on  the  front  of 
the  shoulder.  This  is  kept  on  for  three  weeks  and  the  patient  then 
allowed  to  be  up,  with  an  axillary  pad  and  swathe. 

Fractures  of  the  Spine. — Two  good  reviews  and  summaries  of  our 
present  knowledge  of  fractures  of  the  spine  and  the  therapeutic  indica- 
tions have  appeared  by  Wilson  '*  and  Kleinberg."  Kleinberg  questions 
the  wisdom  of  ankylosing  ojjerations  in  the  early  ca.ses,  because  thereby, 
though  the  time  of  convalescence  may  be  .shortened  six  months,  five  or 
six  vertebral  joints  are  made  stiff  instead  of  one  or  two  only,  by  a 
longer  but  usually  certain  process  of  nature's  healing,  aided  by  arti- 
ficial protection. 

Fractures  of  the  Neck  of  the  Femur. — Kleinberg*""  reports  three 
cases  of  complete  healing  and  cure  of  fractures  of  the  neck  of  the  femur 
as  late  as  five  months  after  injury.  He  em])loyed  Whitman's  abduction 
method,  applying  the  plaster  after  manipulation  of  the  fragments,  and 
striking  several  blows  with  the  mallet  n\cr  the  great  trochanter  as 
advised  by  Cotton. 

Delbet  *'  is  of  the  opinion  that  fractures  of  the  femoral  neck  projier 
never  unite  .solidly  when  treated  by  immobilization  alone,  and  advocates 
his  |)eg  or  long  screw  in.sertion  to  hold  the  fragments  together.  He 
says  that  after  immobilization  alone,  though  the  limb  is  a  little  short, 
the  patients  may  walk  on  it  for  a  time  with  little  inconvenience,  the 
stout  capsule  holding.  Soon,  however,  this  stretches  and  the  primary 
shortening  of  1  or  2  cm.  increases  to  6  or  7,  with  increased  discomfort. 
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|Iui.  NdiK. — We  are  ;nv;ire  cif  the  fact  that  in  the  aged,  fibrous 
rather  ihan  liciny  union  of  fractures  of  the  femoral  neck  is  most 
connnon.  We  feel  quite  certain,  however,  that  neither  bone  pegging  nor 
Delbet's   lung    screw   offers   more    than    temporary   stability.] 

Dujarier,^^  while  endorsing  |)elliet"s  method,  admits  trouble  from 
the  screw  and  proposes  still  niore  complicated  methods  of  internal 
fixation.  We  are  of  the  opinion  thai  the  Ijest.  and,  indeed,  very  satis- 
factorv,  functional  results  may  he  ol)taine(l  hv  Whitman's  abduction 
mcthdil  and  plaster-of-Paris  fixation.  In  a  recent  article,  Whitman*" 
(iiicc  more  describes  the  detr.iils  of  his  technic.  He  considers  the 
iiiciiiiii)lete  fractures  of  childhood  and  the  jiartial  epiphyseal  displace- 
ments of  adolescence  almost  the  only  resistant  deformities. 

[Erratum. —  In  the  Seventeenth  Report  of  Progress  in  Orthopedic  Surgery,  in 
commenting  on  Dr.  Whitman's  reconstruction  operation,  the  Editors  placed  in 
(|U(itation  marks  the  following  sentence:  "The  Brackett  operation  is  more  dif- 
ficult technically,  union  may  not  he  ohtained,  and  function  is  limited."  Dr. 
Whitman  has  called  our  attention  to  the  fact  that  this  is  a  misquotation,  and 
that  he  has  not  said  that  he  considers  the  Brackett  operation  more  difficult 
technically  than  the  reconstruction  operation  which  hears  his  name. 

We  find  also  that  in  Dr.  Brackett's  original  publication  the  muscle  attach- 
ments with  a  small  plarjue  of  hone  were  removed  from  the  trochanter  and 
"either  secured  to  the  outer  side  of  the  trochanter,  or  inserted  into  the  wedge- 
shaped  depression,"  which  is  made  to  round  ofif   its  upper  and  outer  ends. 

For  many  years  Dr.  Brackett  and  the  other  members  of  the  staflf  of  the 
Orthopedic  Clinic  of  the  Massachusetts  Hospital  have  been  accustomed  to 
remove  the  trochanter  with  the  muscles  attached,  as  Dr.  Whitman  does  in  his 
reconstruction  operation,  and  transplant  it.  as  he  does,  farther  down  on  the 
shaft  of  the  femur  in  order  to  gain  a  more  adxantageous  leverage  for  the 
trochanteric  muscles.] 

Irrcyitlarity  of  the  Loi^'cv  li.vtrciiutics  I'olltncinq  Fracture  of  the 
Shaft  of  the  Femur  in  Children. — Truesdell '"'  has  examined,  several 
years  after  the  injury,  five  cases  of  simple  fracture  of  the  femur  at 
varying  levels  in  children.  These  patients  were  discharged  with  from 
one-fourth  to  one-half  inch  (6..^  to  12.7  mm.)  of  shortening,  but  when 
reexamined  vears  later  showed  one-half  to  1  inch  (1.27  to  2.5  cm.) 
lengthening. 

Fractures  of  the  LniK'cr  Lc(j. —  llawley'"  discusses  the  end-results 
in  nineteen  fractures  of  the  knee  and  thirty-eight  of  the  ankle,  demon- 
strating his  meticulous  and  successful  special  methods  of  treatment. 
In  his  cases  of  fracture  of  the  patella,  of  which  he  reports  ten.  after 
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wiring,  he  uses  no  external  splinting  and  begins  active  assisted  motion 
on  the  fourth  day.  He  allows  the  patients  to  walk  on  the  eighth  day 
and  expects  10  degrees  of  motion  in  from  eight  to  fifteen  days. 

Nonunion  in  Fractures  of  the  Lo'nrr  Third  of  the  Tibia. — Eliason  "" 
has  attempted  to  find  the  cause  of  the  frequent  nonunion  in  cases  of 
fracture  in  the  lower  third  of  the  tibia.  He  discusses  the  extrinsic 
causes,  such  as  fixation  and  position,  as  unimportant,  since  mmunion 
occurs  in  spite  of  perfect  fixation  and  perfect  positimi.  He,  tiierefcre. 
turns  to  the  intrinsic  causes,  and  fixes  his  attention  on  the  ni.ilter  of 
blood  supply  to  the  lower  fragment.  He  considers  this  fruni  ni.my 
different  points  of  view.  (1)  Anatomic:  The  arrangement  of  the 
fascia  of  the  leg,  which  is  very  strong,  permits  little  distenticin  in  c;i>e 
of  swelling  or  extravasation,  and  the  vessels  may  be  c(ini])resse(l  in 
this  manner,  particularly  the  anterior  tibial  artery.  The  nutrient  artery 
from  the  posterior  tibial  is  given  oft'  in  the  U])per  third  to  the  tibia. 
In  case  of  injury,  this  source  of  sui)i)ly  to  the  lower  fragment  is  cut  oft'. 
The  anterior  tibial  artery  is  the  main  source  of  su])ply  to  the  lower  frag- 
ment by  means  of  periosteal  and  articidar  branches  and  it  lies  in  a 
position  directly  exposed  to  injury  fmni  bone  fragments  or  swelling. 
(2)  Clinical:  In  cases  of  nonunion,  it  was  noted  that  the  foot  was 
cooler  and  the  dor.salis  pedis  pulsation  we.iker  in  the  affected  than  in 
the  unaffected  side.  Blood  pressure  readings  showed  the  pulse  obliter- 
ated at  a  point  from  10  to  15  mm.  lower  on  the  affected  side.  (3) 
Roentgen-ray  findings:  Marked  osteoporosis  of  the  lower  fragment 
was  noted.  (4)  Operative  findings:  Less  bleeding  and  less  active 
bone  formation  from  the  lower  fragment  are  usually  found  at  operation. 
(  5 )  Pathology :  .Study  of  bone  removed  from  both  fragments  bears 
out  the  contention  that  active  hone  formation  is  lacking  in  the  lower 
fragment.  (6)  Experimental  findings:  He  operated  on  twelve  dogs, 
fracturing  the  tibia.  In  eight  he  also  ligated  the  anterior  tibial  artery 
and  in  four  he  also  divided  the  nerve.  Union  took  place  in  al!.  but 
in  the  eight  ligated  cases,  five  were  less  firmlv  united  thrm  the  conirnls 
The  nerve  ligation  apparently  made  no  difference.  He  concludes  that 
all  this  evidence  points  to  a  lessened  blood  su|)])Iy  to  tiie  lower  fragment 
as  the  cause  of  nonunion.  The  lesson  is  to  avoid  traimia  in  reducing 
these  fractures  and  not  to  keep  them  elevated  too  long. 

Classification  and  Mechanism  of  Fractures  of  the  Leg  Bones 
Ini'olvincf  the  Ankle. — .'\shhurst  and  Bromer "''  have  written  an  almost 
classical  article  on  the  foregoing  subject,  based  on  300  cases  from  the 
Epi.scopal  Hos{»ital  in  Philadelphia. 
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llisicirical  Iveview  :  The}'  quote  Pott's  orif^iiial  description  to  show 
that  he  descrihed  a  fracture  that  does  not  exist.  Dupuytren  com- 
mended Toll  and  evidently  thought  that  he  had  descrihed  the  same 
lesion  he  himself  was  descrihing.  Dupuytren  was  the  first  really  to 
systematize  the  knowledge  of  ankle  injuries.  The  type  of  ankle  fracture 
most  commonly  seen  was  first  described  by  Maisonneuve  (1840),  and 
it  is  safe  to  assume  that  both  Pott  and  Dupuytren's  descriptions  applied 
to  this  fracture  and  not  to  the  rather  hypothetic  type  they  thought  they 
were  describing.  Maisonneuve  was  the  first  to  invoke  the  external 
rotation  of  the  foot  held  in  the  tibiofibular  mortise  in  explaining  the 
common  oblique  fracture  of  the  hljula.  The  postmarginal  fragment 
from  the  articular  surface  of  the  tibia  had  previously  been  described 
by  Cooper,  Destot,  Chaput  and  others,  before  Cotton  wrote  about  it. 
The  authors  review  the  work  done  by  various  investigators  from 
Dupuytren  down  to  the  present,  paying  tribute  to  the  convincing  work 
done  by  Quenu,  Honigschmied,  Tillaux,  and  Maisonneuve. 

Mechanism  of  Fracture:  After  reviewing  the  anatomy  of  the  ankle, 
the  authors  point  out  the  fact  that  the  motions  which  are  likely  to 
result  in  fracture  are  those  of  rotation  of  the  foot  and  adduction  and 
abduction.  Inward  rotatit)n  is  a  movement  almost  inseparable  from 
the  movement  of  adduction,  as  the  anterior  tarsal  joints  render  the 
foot  very  mobile  in  this  direction. 

External  Rotation :  Any  movement  toward  external  rotation  con- 
\erts  the  foot  into  a  rigid  lever,  and  motion  with  nuich  force  is  trans- 
milted  to  the  ankle,  the  astragalus  trying  to  turn  in  its  long  axis. 
( )wing  to  plnsical  laws  (jf  leverage,  the  greatest  strain  comes  on  the 
external  malleolus.  There  is  a  push  outward  on  the  anterior  border 
of  the  malleolus  combined  with  a  pull  inward  on  the  posterior  border 
bv  the  posterior  band  (if  the  external  lateral  ligament.  The  resulting 
fracture  bv  torsion  is  an  oblic[ue  fracture  of  the  fibula,  running  from 
alM)\e  and  behind,  dnwnward  and  forward,  and  it  involves  the  inferior 
tibiofibular  jdint.  Always  it  is  higher  behind  than  in  front  and  usually 
extends  in  front  to  the  e.xternal  malleolus.  The  anterior  tibiofibular 
ligament  thus  remains  intact  ;ind  there  results  no  true  dia.stasis  between 
tibia  and  fibul.a.  There  is,  at  most,  slight  rotary  displacement  of  the 
fragments.  This  is  the  most  common  fracture  at  the  ankle  (more  than 
25  per  cent,  of  all  cases).  If  the  force  continues  to  act,  the  next  lesion 
which  is  added  is  rupture  of  the  internal  lateral  ligament,  or,  far  more 
fre([uently,  fracture  of  the  internal  malleolus,  usually  only  of^  its 
anterior  tip,  seldom  of  its  whole  extent.  The  displacement  may  oe 
sliglit  or  marked,  and  in  many  cases  there  is  added  the  complication 
of  fracture  of  the  posterior  margin  of  the  tibia.  (One  or  another 
variation  of  this  type  of  fracture  occurred  in  \()0  of  the  ,^00  studied.) 
In  these  extreme  tyjjes  of  fracture,  disjuiuiion  of  the  tibia  and  fibula 
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may  occur  or  avulsion  of  tlie  anterior  tubercle  of  the  tibia.  In  such 
cases,  tlic  strain  on  tlie  fibula  is  transferred  higher  uj),  and  one  may 
find  fracture  e\cn  in  the  ujipcr  third  (ir  just  l)ciii\\  the  head  of  the 
fibula. 

Abduction  Injuries  (Fibular  Flexion):  In  the.se  fractures,  the 
influence  of  tiie  tibiofibular  ligaments  is  paramount.  Straight  abduc- 
tion of  the  foot  has,  as  its  primary  and  most  constant  lesion,  fracture 
of  the  internal  malleolus  or  its  equivalent,  rui)ture  of  the  internal 
lateral  ligament.  This  is  a  prere(|uisite  in  order  to  free  the  astragalus 
sufficientlv  to  permit  it  to  press  on  the  external  malleolus.  Following 
this:  (1  )  If  the  tiliiofibular  ligament  holds,  the  fibula  breaks  across 
through  the  external  malleolus  jiroper  and  not  above  these  ligaments, 
as  commonly  taught  ;  a  himalleolar  fracture  by  abduction  results. 
(2)  If  the  tibiofibular  ligament  ruptures  or  the  equivalent  avulsion  of 
the  anterior  tibial  tubercle  occurs  and  the  force  coiUinues,  tiic  libiila 
breaks  by  flexion  and  the  break  usually  occurs  where  the  libuia  is 
weakest,  that  is,  above  the  inferior  tibiofibular  ligament  in  its  lower 
third.  Finally,  as  the  most  advanced  stage,  the  entire  lower  end  of  the 
tibia  may  be  torn  off  as  the  representative  of  the  internal  malleolus. 

Separation  of  the  fibula  from  the  tibia  by  .^  cm.  may  occur,  even 
with  the  posterior  tibiofibular  ligament  intact.  Owing  to  the  almost 
indestructible  nature  of  the  posterior  band  of  the  external  lateral  liga- 
ment, almost  never  does  a  separation  of  the  astragalus  from  the  fibula 
take  place.  l>iastasis  does  not,  therefore,  occur  as  a  result  of  the 
astragalus  being  driven  upward  between  the  tibia  and  fibula  as  a  wedge. 

Posterior  Marginal  Fragment  of  the  Tibia  and  Posterior  Displace- 
ment of  the  Foot :  The  mechanism  by  which  this  fracture  is  produced 
is  almost  certainly  a  crushing  force  acting  from  below  upward.  The 
size  of  the  fragment  varies  from  a  small  portion  of  the  posterior  lip 
to  a  large  fragment.  This  fracture  occurs  quite  frequently  (in  fifty- 
eight  of  300  cases,  or  19  per  cent.,  and  in  fifty-one,  or  50  per  cent.,  of 
those  conforming  to  low  Dupuytren  type).  It  may  occur  alone  or  in 
association  with  torsion  or  abduction  fractures.  Backward  displace- 
ment of  the  foot  caimot  occur  unless  the  astragalus  is  freed  from  the 
external  malleolus  by  rupture  of  both  the  middle  and  posterior  bands 
of  the  external  lateral  ligament,  or  unless  the  external  malleolus  is 
freed  from  the  tibia  by  diastasis  or  by  fracture  of  the  fibula  in  such  a 
way  as  to  detach,  with  the  lower  fragment  of  the  fibula,  the  fibular 
insertion  of  both  the  middle  and  posterior  bands  of  the  external  lateral 
ligament,  that  is,  in  the  Pott  or  Dupuytren  type,  or  the  mixed  oblique 
type.  A  posterior  marginal  fragment  favors  displacement,  but  is  not 
essential  for  it. 

Adduction  Injuries  fTibial  Flexion)  :  There  is  little  dispute  about 
the  mechanism  of  these  injuries.    .A  fearing  off  of  the  external  malleolus 


442  .-IRCimiLS     OF    SURGERY 

is  the  first  lesion,  fuUowetl  by  a  compression  fracture  of  the  internal 
malleolus,  or  a  splitting  upward  of  the  tibial  shaft  occurs.  The  supra- 
malleolar fracture  by  adduction  represents  the  most  advanced  type. 

Old  Fractures  of  the  Os  Calcis. — Cotton's"*  attention  has  been 
attracted  to  poor  results  which  are  so  common  in  fractures  of  the 
OS  calcis.  More  than  half  the  patients  with  fracture  of  the  os  calcis 
suffer  disability.  Total  disability  for  real  work  is  the  result  in  from 
33  to  50  jier  cent,  of  the  cases.  The  causes  of  disability  may  be  one 
or  several.  (  1 )  The  os  calcis  is  a  little  short  from  front  to  back  and 
a  bit  flattened.  (2)  .^liarp  outward  deviation  of  the  heel  entails 
inevitable  flatfoot.  (3)  Tender  spurs  on  the  plantar  surface  of  the 
OS  calcis  may  result.  (4)  The  common  source  of  trouble  is  an  outward 
broadening  of  the  os  calcis,  owing  to  the  shoving  outward  of  the 
peroneal  plate  of  bone  and  bone  growth  behind  it.  The  e.xternal  mal- 
leolus may  impinge  on  the  exuberant  bone  or  be  half  buried  in  it;  it 
may  impinge  only  in  flexion  or  extension,  or  it  may  pinch  the  peroneal 
tendons  and  their  sheaths ;  invariably  it  is  a  factor  in  pain  and  disability. 
(5)  Loss  of  some  of  the  lateral  motion  is  constant,  resulting  from 
alterations  in  the  surfaces  or  clogging  of  the  astragalocalcaneal  joint. 
For  correction  he  advises  leaving  shortened  and  flattened  heels  abso- 
lutely alone.  Outward  deviation  calls  for  the  Gleich  operation,  that  is, 
an  oblique  osteotomy  of  the  os  calcis,  with  correction  of  the  deformity. 
Spurs  may  need  to  be  removed.  For  the  troublesome  outward  broad- 
ening of  the  OS  calcis  and  clogging  of  the  astragalocalcaneal  joint, 
Cotton  has  developed  an  operative  procedure.  This  consists  in  a  curved 
incision  under  the  external  malleolus,  elevating  and  turning  upward  a 
flap  containing  the  peroneal  tendons  and  their  sheaths,  periosteum  and 
a  thin  layer  of  cortical  bone.  Then  he  digs  ovit,  wide  and  deep,  the 
exuberant  bone,  disregarding  the  subastragaloid  articulation,  which  is 
often  narrowed  by  about  half.  The  flap  is  then  replaced  and  sutured 
and  a  plaster  boot  applied.  At  the  end  of  two  weeks,  motion  of  the 
subastragaloid  joint  is  begun.  At  four  weeks,  slight  weight-bearing 
and  at  the  end  of  six  weeks  full  weight-bearing  is  permitted.  He 
reports  the  cases  of  nine  patients  operated  on,  with  one  excellent  result 
and  six  patients  greatly  improved,  one  failure,  and  one  doubtful  result 
in  an  old  man. 

Spirtil  l-'nu-titrrs. — Rixford  '■''  has  conducted  an  elaborate  investi- 
gation of  the  mechanism  of  spiral  fractures.  He  concludes  that  rarely 
can  they  be  satisfactorily  reduced  without  open  operation ;  but  when 
so  reduced  thev  are  retained  very  easily  with  kangaroo  tendon. 


94.  Cotton:    .'Xnn.   Surg.   74:294    (Sept.)    1921. 

95.  Rixford:    .^nn.  Surg.  74:490    (Oct.)    1921. 
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Siisf'oisioii  Traction  Treatment  of  Fractures  of  Long  Bones  Near 
Large  Joints. — Hartwell '"'  outlines  the  metliods  of  suspension  traction 
treatment  carried  out  on  his  service  at  Bellevue  Hospital  in  New  York. 
He  has  become  an  advocate  of  skeletal  traction  in  all  cases  of  fracture 
of  the  femur.  For  intracondylar  fractures  of  the  lower  end  of  the 
femur,  he  uses  skeletal  traction  by  means  of  a  pin  through  the  head  of 
the  tibia.  For  lower  leg  fractures,  the  skeletal  traction  is  ap])lied  by 
means  of  ice  long  calipers  in  the  malleoli  or  os  calcis. 

Influence  of  Physiotherapy  in  Rcdiuing  Disability  Time  in  Frac- 
tures.— W'ainwright ""  has  com|)iled  some  rather  interesting  statistics 
from  the  Moses  Taylor  Hospital  at  Scranton,  Pa.  Before  the  establish- 
ment of  a  gymnasium  and  a  physiothera])eutic  department,  the  average 
time  of  disability  in  fractures  of  the  clavicle  was  sixty-seven  days, 
after  the  establishment,  fifty-nine;  humerus  fracture,  before,  12.S,  after, 
90;  forearm  fractures,  before,  76,  after,  64;  femur  fractures,  before, 
239,  after,  180;  lower  leg  fractures,  before,  121,  after,  92. 

This  means  a  saving  of  actual  time  in  the  different  types  of  from 
eight  to  fifty-nine  days,  and  a  percentage  saving  of  from  12  to  28. 

Delayed  Union  and  Nonunion  of  Fractures. — Nutter""  considers 
ven-  carefully  llie  subject  of  delayed  union  and  nonunion  of  fractures, 
pointing  out  the  importance  of  discriminating  between  these  two  condi- 
tions. Delayed  union  may  be  expected  in  not  much  more  than  1  per 
cent,  of  all  fractures,  while  nonunion  occurs  in  from  2  to  3  per  cent. 
The  regions  where  nonunion  is  most  prone  to  occur  are  between  the 
middle  and  upper  thirds  of  the  Iiumerus,  the  middle  third  of  the  femur, 
and  in  the  lower  third  of  the  tibia  and  fibula.  Fractures  of  the  neck 
of  the  femur  fail  to  unite  solidly  relatively  very  frequently.  .'\s  to 
the  causes  of  delayed  or  nonunion.  Nutter  considers  that  constitutional 
diseases,  with  the  exception  of  syphilis,  .scurvy,  acute  rickets,  osteo- 
malacia, etc.,  exert  little  influence  on  union.  Severe  .sepsis  causes 
necrosis ;  but  mild  sepsis  may  actually  stimulate  callous  formation.  The 
local  causes  are  the  well  recognized  ones  of  nona])])osition  of  fragments, 
interposition  of  tissue,  im()erfect  immobilization,  metallic  plates,  etc. 
For  treatment  of  delayed  union  after  ])ro])cr  conditions  f)f  immobiliza- 
tion have  been  satisfied.  Nutter  advises  baking  and  other  forms  of 
hyperemia.  Drilling  the  bone  ends  m.ny  be  a  helj).  He  thinks  there 
is  little  evidence  to  suggest  th.it  galvanism,  ductless  gland  extracts, 
or  injections  of  irritants  are  of  service. 

Special  Fracture  Scnices  in  Hospitals. — Scudder."''  who  organized 
one  of  the  first,  if  not  the  first,  special  fracture  services  in  .\merica,  at 


96.  Hartwell.  J.  \.:    Suspension  Traction,  Arch.  Surg.   3:59.S    (Xov.>    1921. 

97.  Wainwright:    .\nn.  Surg.  74:.W   (Sept.)    1921. 

98.  Nutter:    J.  Bone  &  Joint  Surg.  4:104   (Jan.)    1922. 

99.  Scudder:    .\nn.  Surg.  74:280  (Sept.)   1921. 
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tlic  AFassacliuseKs  ("lencral  I  luspital,  lias  l)ec-n  impressed  1)\-  tlic  necessity 
(if  iinpni\iii<4  llie  results  in  llie  Irealnient  nf  fracttn-es  thruu,<:;li(iut  the 
eiuinlry.  \\v  believes  the  earryinj;  out  cif  the  folluwing  suggestions 
\v(Mil(l  he  helpful:  ( (/ )  special  wards  restricted  to  the  treatment  of 
fractures;  (b)  a  si^ecial  fracture  personnel  of  surgeons  under  a  chief 
of  service  of  broad  experience;  (c)  a  special  fracture  outpatient  clinic 
under  the  charge  of  the  special  fracture  service;  {d)  an  improvement 
in  the  niethods  of  teaching  fractures  and  more  time  for  the  subject 
in  ihc  medical  school  curriculum;  (  c )  graduate  courses  for  the  general 
praclitidiier  ;  ( / )  the  organization  of  a  clinical  surgical  fracture  society, 
meeting  once  a  year  for  the  discussion  of  fracture  problems. 

Medical  Defense  As/^eet  of  U  vac  lures. — An  interesting  indication  of 
how  impiirtant  the  jirohlem  of  the  projier  treatment  of  fractures  is 
becoming  is  shown  from  the  rex'iew  of  Tuckerman '""  of  the  cases 
referred  to  the  Medical  Defense  Committee  of  the  (  )hio  State  Medical 
Association.  Of  107  matters  so  referred,  forty  represented  dissatis- 
faction (i\er  ibc  results  of  tiie  treatment  of  fr;ictures. 

Sul^rnuiiiierary  Bones  of  Wrist  and  Ankle. —  Holland""  and 
Pirie  '"-  point  nul  the  importance  of  recogni;^ing  the  rarer  ossifications 
in  the  carpus  rmd  tarsus,  representing  true  extra  bones  which  mav 
easily  be  mistaken  for  fractures.  In  ihe  carjnis,  there  may  be  men- 
tioned the  o>>  centrale,  the  "s  Iriangid.arc,  the  ulnare  externum,  the 
radiale  externum,  the  os  ves.ali.amnn,  and  the  divided  scaphoid.  In  the 
foot,  the  lis  trigonum,  the  secondary  os  crdcis,  the  tibiale  externum,  the 
OS  pcroneum,  the  os  \esalianum,  and  an  ossicle  without  name. 

MI.SCKLt.ANEOUS 

Teehnic  for  l.e;/  Auip)italion.  (  )rb  '"•*  describes  a  method  of  leg 
anipulation  which  he  has  found  produces  an  excellent  stum]i.  An 
anierior  skin  ffap  is  fashioned  and  a  posterior  muscle  flap  (gas- 
trocnemius ,-uid  siileus).  This  prii\'i(les  a  ])osterior  scar  ;nid  a  good 
muscle  padding  fur  the  end  nf  die  bone  with  a  fascial  ciAcring.  He 
employs  the  lluber-Lewis  teehnic  for  the  ]irevention  of  nenniuias,  and 
the  ajieriosteal  method   in  the  treatment  of  his  bone  end. 

|l'".li.  .\nTK. — (  )ne  of  the  b'ditiirs  (Wilsun)  h;is  independently 
de\iseil  llie  s.ame  metlind  .-md  h.is  eniplnyed  it.  during  the  war  and 
since,  with  great  satisfactimi.  | 


inn.  Tuckerman:    Ohio  .State  M.  .1.  17:7.55   (Nov.)   19_'k 

101.  Holland:    .Arch.   Radinl   &    Klcctrntli.  26:105    (.Sept.)    1921. 
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Coalitio  Calcanconavicularis. — Sloiiiann  ""  of  Copenhagen  reports 
six  cases  of  coalitio  calcaneonavicularis  or  fu-ion  of  tlie  os  cakis  with 
the  scaphoid,  ilkistrated  by  excellent  roenigenoi^nanis.  It  is  a  congenital 
condition.  The  abnormality  does  not  appear  to  show  any  particular 
preference  for  the  right  or  the  left  foot.  All  his  patients  have  been 
.seen  because  of  severe  flatfoot  deformities,  and  the  flatfoot,  both  in 
regard  to  the  degree  of  deformity  as  well  as  to  clinical  symptoms, 
has  been  most  severe  in  the  foot  in  which  the  anatomic  abnormality 
was  present  or  most  pronounced.  The  ages  of  the  patients  were  from 
10  to  59  years.  For  treatment  he  has  em|)loyed  rest  in  plaster  and  has 
followed  this  with  foot  supports.  He  believes  operative  procedures 
may  be  necessary.  In  marked  cases,  the  deformity  is  extreme.  Slomann 
describes  one  case  as  follows:  The  foot  is  "of  monstrous  shape,  short 
and  enormously  broad,  with  the  convex  rocker-shaped  surface ;  the 
heel  and  tarsus  rest  on  the  ground  ;  the  first  metatarsal  bone  tips  upward 
at  the  mesial  side  of  the  foot  and  only  ihc  point  of  the  downward  bent 
great  toe  again  reaches  the  ground." 

Kolilcr's  Disease. — Bauman  '"''  adds  two  cases  to  the  list  that  has 
been  growing  since  Kohler.  in  1908,  first  described  this  unusual  mal- 
formation of  the  tarsal  scajihoid.  .Although  he  caimot  cx])lain  the 
cause,  his  cases  add  to  the  evidence  thai  is  accumulating  on  the  negative 
side,  excluding  syphilis,  tuberculosis  and  osteomyelitis.  He  believes 
trauma  to  be  the  common  cause,  and  cites  its  frequence  in  boys  of  the 
ages  of  5  to  7.  Trauma  is  little  noticed,  as  is  also  the  fact  that  the 
scaphoid  is  one  of  the  last  of  the  tarsal  bones  to  ossify. 

Epicondylitis. — Aievoli  '""  brings  u])  for  discussion  the  cause  of  ])ain 
in  the  region  of  the  external  humeral  cpicondyle  occurring  in  tennis 
players  and  other  sportsmen  and  in  wf)rkers  in  certain  industries.  The 
pain  is  usually  localized  near  the  tip  of  the  e])icondyle.  in  the  region 
of  the  origin  of  the  radial  extensors  of  the  wrist  and  the  common 
extensors  of  the  fingers.  He  di.scusses  the  various  etiologic  theories. 
He  considers  the  theory  of  Williet '"'  of  a  bursa  beneath  the  origin  of 
the  epicondylar  mu.scles  may  be  nearest  the  truth. 

<  )sgood,'""  as  a  result  of  a  personal  ex])eriencc.  became  convinced  of 
the  probable  bursa  nature  of  the  syndrome,  found  bursae  in  seven 
consecutive  cadavers,  had  his  own  elbow  operated  on,  and  bursal  tissue 
found,  and  has  operated  on  two  other  ]);iticnls  with  jiositive  findings. 


104.  Slomann:    J.  Orthop.  SnrK-  3:586  (Nov.)   1921. 

in.5.  Bauman.  G.  T. ;    Kr,hlfr-s  Disease,  J.  A.  M.  A.  77:1086  (Oct.  1)   1921. 
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107.  Vullict:    Semana  med.,  June  2,  1909,  p.  261. 

108.  Osgood.    R.    B. :     Radiohumeral    Bursitis,    Epicondylitis.    Kpicondylalgia 
(Tennis   Klliow),  Arch.  Surg.  4:420   (March)    1922. 
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Sfliniilt  '"■'  (Icscribeil  a  calcareous  deposit  o\er  the  epicondyle  and 
believed  the  liur>a  to  be  between  the  epicondyle  and  the  common 
extensor  tendon.  Osgood  found  his  bursae  beneath  the  conjoined 
tendon  and  the  supinator  brevis  and  radiohumeral  joint  capsule,  where 
he  believes  it  commonly  is  placed,  and  not  directly  over  the  epicondyle. 

Development  of  the  Shoulder. — Cohn's ""  conclusions  from  a 
roentgenologic  study  of  the  normally  developing  shoulder  are  as  fol- 
lows: Radiologic  examination  of  the  shoulder  during  the  first  year 
shows  only  one  epiphysis  sufficiently  ossified  to  leave  a  shadow,  the 
epiphysis  for  the  upper  end  of  the  humerus.  This  epiphysis  is 
represented  by  a  small  elliptic  shadow,  which  is  rather  widely  sepa- 
rated from  the  upper  end  of  the  shaft.  The  earliest  examination 
was  at  seven  weeks  after  birth.  During  the  first  two  years,  no 
other  c])iphysis  makes  its  appearance  except  for  a  small  shadow 
which  may  be  interpreted  as  the  early  ossification  within  the  coracoid 
process.  During  the  tliird  year,  the  head  of  the  humerus  increases 
rather  rapidly  in  size.  The  upper  end  of  the  shaft  takes  on  the  appear- 
ance of  a  double  inclined  plane,  higher  near  the  middle,  and  sloping 
downward  to  either  side.  At  this  time,  there  is  a  shadow  on  the  lower 
aspect  of  the  epiphysis  for  the  head,  which  may  be  ossification  within 
a  separate  epiphysis  for  the  greater  tuberosity  or  it  may  be  that  the 
greater  tuberosity  is  a  growth  dowinvard  fnnu  the  original  epiphysis 
for  the  head.  In  the  pictures  tio  clear  line  of  demarcation  can  be 
m;ule  out  between  the  shadows.  I'.cginning  ossification  within  the 
coracoid  is  evident  at  3  years.  In  order  to  avoid  errors  in  interpreta- 
tion of  roentgenograms  of  the  shoulder,  one  nuist  lake  several  views. 
(  )ssification  within  the  epiphysis  of  the  acromion  is  rarely  evident  before 
the  middle  of  the  fourteenth  year.  Complete  ossification  of  the 
e])iphysis  of  the  acromion  takes  place  about  the  middle  of  the  eighteenth 
\ear.  Complete  ossification  within  the  upper  epiphysis  is  evident  about 
the  nineteenth  year.  There  is  no  trace  of  the  e])iphyseal  line  at  the 
twentieth  year. 

Orthostatic  Albiiininuria. — Saito  "'  concludes  after  careful  studv  of 
a  large  grouj)  of  children  that  ]iatients  showing  orthostatic  albuminuria 
ha\c  an  asthenic  condition,  and  abnul  halt  of  tlicni  show  lordosis.  A 
large  m;ijority  of  ihe  jiatients  are  in  a  stale  of  vagotonia  and  show  a 
normal  renal  function  and  hemoglobin.  Two  nietlio(ls  are  most  reliable 
in  provoking  albimiinuria.  (  )ne  is  to  lia\'e  the  jKiticnt  hold  a  rod  with 
the  hands  and  lift  it   up  to  the  level  of  the  shonl<ler  for  ten  minutes; 


109,  .Sdiiiiilt:     .\rcli.    f,   I  )rthc.ii.    19:J15,    l')il. 
11(1.  C.hii:    .\iii.   .1.    kurntHCii.il.   8:721    (  Dcr. )    19-'l. 
111.   .Saitn.    II.:     Clinical    hn  cstiKatioiis   on    t  )rthr)static 
Di.-^.  ChiM.  22:4.58   (Oct)    19-'l. 
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the  other  is  to  have  the  individual  tcneel  for  ten  minutes.  The  direct 
cause  of  alhuminuria  may  be  lordosis  of  the  lumbar  sjjine.  but  it  is  not 
altogether  the  essential  factor.     \'asomotor  instability  may  be  another. 

Prcz'ciith'c  and  Prophylactic  Orthopedic  Practice. — Emmons  and 
Cioldtlnvait  "-  call  attention  to  the  necessity  of  providing  proper  furni- 
ture in  order  to  avoid  ])ostural  strain,  especially  from  work  at  a  desk. 
They  have  ])lanned  a  simple  chair  which  they  believe  is  ])racticable  and 
helpful,  and  which  they  illustrate  in  their  article. 

Lowman  '"  makes  a  strong  plea  for  the  recognition  of  postural 
defects  and  an  attempt  to  correct  them  in  the  early  years  of  school. 
Eighty  per  cent,  of  all  schoolchildren  show  one  or  more  defects,  and 
many  of  the  present  physical  instructors  are  poorly  trained  for  correct- 
ing these  faulty  jjostures.  lie  urges  more  interest  among  orthopedic 
surgeons  in  the  training  of  these  instructors  and  is  convinced  that  the 
correction  of  these  defects  in  childhood  will  do  much  to  prevent  the 
potential  weakness  which  was  so  strikingly  appreciated  in  the  army 
recruits  who  failed  to  .stand  up  to  regular  army  life. 

Challenge  of,  the  Chronic  Patient.- — Goldthwait  "■*  begs  the  medical 
profession  to  focus  its  attention  on  the  chronic  patient,  who  has  been 
so  unsatisfactorily  treated  and  generally  considered  hopeless.  He  points 
out  that  our  study  has  been  especially  of  the  physiologic  function  of 
the  body  to  find  out  where  it  is  lacking  and  to  discover  .some  pathologic 
lesion  of  certain  of  the  organs  as  a  cause  of  the  condition.  As  we  are 
often  not  able  to  ex])lain  the  imperfect  function,  the  treatment  is  not 
evident.  He  urges  that  the  mechanics  of  the  body  be  more  carefully 
studied  and  that  attention  be  paid  to  the  long  existent  attitude  in  which 
the  bodily  functions  have  been  carried  on.  Pathologic  conditions  of 
the  lower  part  of  the  back  are  the  most  common  occasion  for  seeking 
medical  advice.  A  persistent  ptosis,  or  a  malposition  of  the  heavier 
viscera  disturbing  their  blood  supply,  is  a  constant  obstacle  to  proper 
function.  W'e  have  the  examj^le  in  orthostatic  albuminuria.  It  is 
probable  that  in  many  of  the  arthritic  cases  in  which  the  patients  do 
not  recover  after  removal  of  foci  in  the  tonsils  or  teeth,  that  no  one 
organ  is  wholly  at  fault.  A  study  of  the  individual  anatomic  habit 
will  often  give  new  significance  to  many  of  these  .symptoms. 

Journal  Announcenicnt. — The  Journal  of  Orthopaedic  Surgery,  the 
official  organ  of  the  British  and  the  American  orthopedic  associations, 
which  up  to  January,  1922,  had  been  issued  monthlj',  has  now  become 
a  quarterly  and  has  changed  its  name  to  the  Journal  of  Bone  and  Joint 
Surgery.  It  continues  as  the  organ  of  the  two  associations  and  under 
the  able  editorship  of  Dr.  E.  C.  Rrackett. 
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CORRESPONDENCE 


"THE     NEGATIVE     CHAMBER     IN     OPEN     PNEUMOTHORAX: 
A     PERSONAL     EXPERIENCE" 

To  ihe  Editor: — My  attention  has  been  called  by  Dr.  Rudolph  Matas,  of 
New  Orleans,  to  two  historical  errors  which  appear  in  my  article,  "The- Nega- 
tive Chamber  in  Open  Pneumothorax:  A  Personal  Experience,"  in  the  July 
issue  of  the  Archives  of  Surgery.  I  stated,  page  134,  that  "the  importance  of 
preventing  this  physicail  phenomenon  was  fully  realized  by  Dr.  Matas,  more 
than  twenty  years  ago,  when,  as  one  of  the  pioneers  in  the  field  of  thoracic 
surgery  in  America,  he  had  his  assistant.  Dr.  Parham  of  New  Orleans,  excise 
a  tumor  of  the  chest  wall  with  the  help  of  a  differential  pressure  apparatus, 
the  Fell-0'Dwyer  combination,  as  modified  by  Matas."  The  fact  is  that  Dr. 
Matas  and  Dr.  Parham  have  been  connected  with  the  same  hospitals  and  have 
served  in  them,  contemporaneously,  as  colleagues,  with  the  same  rank  and 
always  in  charge  of  separate  and  independent  services.  Dr.  Parham,  there- 
fore, performed  his  operation,  July  24,  1898,  independently,  as  a  visiting  surgeon 
in  charge  of  his  service  at  the  Charity  Hospital.  Further,  he  did  not  employ 
the  Fell-O'Dwyer  apparatus,  "as  modified  by  Matas,"  but  made  use  of  it  with 
good  effect,  though  unmodified,  in  the  form  that  was  then  being  used  at  the 
Charity  Hospital. 

Willy  Meyer.  M.D.,  New   York. 
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OSTEOSCLEROSIS     ERAGILIS     GENERALISATA 

MAKMnUKNOCIIKX  :     AI.1!KKS-SCH<")NBERG     DISEASE  * 
GEORGE     G.    DAVIS,    A.B..     M.D. 

CHICAGO 

.A  patient  wlin  entered  tlic  liospital  with  a  fracture  of  the  rijjht  leg, 
the  result  of  a  rather  trivial  injury,  giving  a  history  of  previous  frac- 
tures, likewise  following  slight  trauma,  was  found,  on  roentgen-ray 
examination,  to  have  a  pathologic  fracture  as  the  result  of  a  rather 
obscure  bone  condition  which  has  been  termed  osteosclerosis  fragilis 
generalisata,  Marmorknochen  (marble  bone),  or  Albers-Schonberg 
disease.  Inasmuch  as  only  nine  other  cases  of  this  disease  have  been 
reported,  all  of  which  have  been  in  the  foreign  literature,  none  in 
the  English  language,  the  history  of  this  case  is  given,  together  witli  the 
roentgen-ray  study  of  the  entire  skeleton  and  a  review  of  the  literature 
of  this  subject  to  date. 

REPORT     OF     CASE 

History. — \V.  S..  a  schoolboy,  aged  11  years,  born  in  this  country,  was 
admitted  to  my  service  at  the  Cook  County  Hospital,  April  20.  1922.  He  was 
brought  to  the  hospital  by  his  mother,  who  stated  that,  on  April  18,  1922,  he 
sustained  an  injury  of  the  right  leg.  A  playmate  who  was  swinging  him 
around  became  dizzy  and  fell  with  the  patient,  stepping  on  his  right  leg  above 
the  ankle.  The  patient  had  to  be  carried  home,  where  he  stayed  in  bed.  He 
entered  the  hospital  because  of  pain,  tenderness  and  very  slight  swelling  of  the 
lower  part  of  the  right  leg  and  inability  to  use  it. 

He  sustained  a  fracture  of  both  bones  of  the  left  leg  in  July.  1920,  when 
he  fell  out  of  a  window,  about  4  feet  high,  striking  the  middle  of  the  left  leg 
on  a  step.  Xo  physician  was  called  at  the  time  but  a  firm  bandage  was  applied. 
He  was  unable  to  walk  on  the  leg  for  three  weeks.  A  fracture  of  the  left  femur 
occurred  in  November.  1920,  when  another  boy  pushed  him  against  a  fire  hydrant. 
He  was  treated  in  St.  Elizabeth's  Hospital  at  that  time.  The  tonsils  and 
adenoids  were  removed  in  1918.  He  had  a  mild  attack  of  appendicitis  in  1917. 
He  had  had  pneumonia  seven  times — at  4  months,  14  months,  3  years,  4  years,  6 
years,  and  10  years  of  age.  With  the  last  attack,  he  had  an  associated  otitis 
media  on  the  right  side,  at  which  time  an  "abscess  was  lanced."  His  hearing 
in  the  right  ear  at  the  time  of  examination  was  not  so  good  as  in  the  left. 

He  was  essentially  normal.  His  birth  had  been  normal  (a  precipitate  10 
pound  baby).     He  was  breast  fed,  his   feedings  being  supplemented  by  cow's 


*  The  author  is  indebted  to  Dr.  .Arthur   R.  Metz  for  the  roentgenographic 
examination  and  the  notes  on  it. 
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milk  after  three  months  and  up  to  sixteen  mcjiiths,  when  lie  was  taken  ofif  both 
the  hreast  and  the  bottle.  He  usually  stood  higli  in  his  school  work.  He  was 
in  the  high  fifth  grade. 

His  father  and  mother  were  liotli  living  and  well.  Two  brothers  were  living 
and  well.  One  brother  had  had  "heart  trouble."  One  brother  die<l  of  pneu- 
munia  at  16  months.  This  brother  was  paralyzed  on  one  side  for  a  month,  at 
3  months  of  age. 


Fig.   1. — Left,  anterior  view  of  patient    (W.   .S.),   ag 
osteosclerosis  fragilis;  right,  lateral  view  of  patient. 


?d   11,   with  generalized 


Physiicil  li.viiiiiinatioii. — The  patient  was  fairly  well  nourished,  3  feet  7V2 
inches  tall  (110  cm.)  and  weighed  49  pounds  (22  kg.).  There  was  loss  of  func- 
tion of  the  right  leg,  with  e-xtreme  pain  and  tenderness  to  touch  over  the  lower 
third,  with  slight  swelling  but  no  deformity. 

His  head  was  large  and  had  a  long  anteroposterior  diameter.  His  eyes  were 
brown  and  reacted  well  to  light  and  on  accommodation.  The  ears  were  nega- 
tive externally,  but  there  was  an  old  otitis  media  on  the  right  side.    The  septum 
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of  the  nose  was  deflected  to  the  right.  Many  of  the  teeth  were  carious.  The 
tongue  was  negative  and  the  tonsils  had  been  removed.  The  hard  palate  was 
extremely  high.  The  cervical  glands  were  palpable.  The  chest  was  sym- 
metrical, except  for  a  very  slight  scoliosis  to  the  right  in  the  middorsal  region. 
A  very  slight  suggestion  of  a  Harrison's  groove  was  present.  The  excursion 
and  expansion  of  the  lungs  were  go<id.  and  there  was  no  area  of  dulness  or 
rales.  The  apex  lieat  was  within  tlie  nipple  line.  5  cm.  to  the  left  of  the  median 
line.  There  was  no  enlargement  or  murmurs.  In  the  abdomen,  there  were 
no  palpable  tumors  or  areas  of  tenderness.  The  limbs  were  practically  nega- 
tive except  for  the  pathologic  condition  noted  above,  and  that  the  radial  epi- 
physes were  noticeably  enlarged. 

Laboratory  Findings. — The  blood  pressure  was :  systolic,  128,  and  diastolic. 
85.  Hemoglobin  was  86 :  erythrocytes.  4,992,0(X) ;  color  index,  86;  leukocytes. 
11,000.  The  urinary  findings  were  negative.  The  specific  gravity  was  1.014, 
and  the  reaction  acid.  There  was  no  albumin,  sugar,  acetone,  diacetic  acid, 
blood,  cells  or  casts.  The  spinal  fluid  was  clear  and  of  normal  pressure  and 
gave  a  negative  Wassermann  reaction.  The  blood  Wassermann  reaction  was 
also  negative.  The  blood  chemistry  was:  total  nitrogen,  .34.30  (normal,  26.50)  ; 
urea  nitrogen,  21.48  (normal,  10);  urea,  45.56  (normal,  21.40);  uric  acid, 
1.95    (normal,   1.80);   creatinin,   1.54    (normal.   1.35);   sugar,  93    (normal,   100). 

.\  blood  Wassermann  test  on  the  mother  gave  a  negative  result. 

July  10,  1922,  an  examination  of  the  basal  metal)olic  rate  showed  52.5 
calories,  which  is  normal  for  a  boy  weighing  40  pounds,  44  inches  high  and 
11  years  old. 

Rocntycn-Ray  Examination. — This  revealed  a  fracture  of  the  right  tibia  at 
the  juncture  of  the  middle  and  lower  thirds,  without  displacement  of  fragments, 
together  with  other  pathologic  conditions  of  the  bone.  A  posterior  molded 
splint  was  applied  and  the  fracture  showed  union  without  much  callus,  the 
splint  not  being  removed  until  June  21,   1922. 

Course. — .-Xhout  June  8,  1922,  the  patient  developed  severe  pain  and  tenderness 
over  the  left  scapula,  associated  later  with  redness,  heat  and  fluctuation.  The 
white  blood  count  was  27.900;  temperature,  99.4  F.  Aspiration  of  pus  revealed 
gram-positive  cocci  in  staphylococcus  formation.  Cultures  of  pus  revealed 
hemolytic  colonies.     Incision  revealed  a  thick  yellow  pus. 

Diagnosis. — Pathologic  fracture  of  the  right  tibia  associated  with  osteoscle- 
rosis fragilis  generalisata;  old  otitis  media  on  the  right  side;  probal)Iy  old 
rickets:  slight  scoliosis  of  the  middorsal  spine;  periostitis  (?)  of  the  left  scapula. 

Rocntgcn-Ray  li.ramination. — Roentgenographic  examination  of  the  entire 
skeleton  revealed  a  generalized  disturbance  of  the  bony  structure,  character- 
ized by  a  marked,  irregularly  increased  density  of  some  portions  of  the  bones, 
with  thinning  and  rarefaction  in  other  areas.  In  the  long  bones,  the  tendency 
was  toward  a  marked  narrowing  of  the  medullary  canals  in  the  middle  third, 
due  to  a  thickening  of  the  cortex,  with  the  ends  of  the  shaft  presenting  an 
expanded  appearance,  with  a  thinning  of  the  cortex  and  a  coarsely  mottled 
effect  due  to  increased  density  in  the  marrow  cavity.  The  small  bones,  such  as 
the  vertebrae,  carpals.  and  tarsals,  presented  a  generalized  increased  density, 
with  absence  of  bone  structure.  The  epiphyseal  lines  were  all  present  and  were 
normal  in  width,  but  had  slightly  irregular  margins.  There  was  a  general 
increase  of  density  of  the  epiphyses,  with  absence  of  bony  structure,  but  they 
appeared  normal  in  size  and  outline.  A  detailed  description  of  the  bony  changes 
is   presented   in  the  six   roentgenograms,   which   altogether   include   the   entire 
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skeleton;  the  bones  of  the  hands,  forearms  and  lower  humeri  are  reproduced  in 
Figure  2;  feet,  Figure  3;  femurs  and  pelvis.  Figure  4;  legs.  Figure  5;  trunk, 
Figure  6;  head,  Figure  7. 

In  the  examination  of  the  hands,  forearms  and  lower  humeri  (Fig.  2),  the 
following  pathologic  findings  were  noted:  The  structural  contour  of  the  pha- 
langes  was  preserved,  though  the  phalanges  themselves   were  thickened.     The 


Fig.  2. — General  marble-like  picture  of  the  bones  of  the  hands,  forearms  and 
arms;  transverse,  parallel,  disklike  bands  in  the  phalanges  and  metacarpals; 
fracture  of  the  distal  epiphysis  of  left  radius. 


medullary  portion  was  changed  to  compact  bony  tissue  at  the  distal  ends  of 
all  phalanges.  This  occurred  in  such  a  manner  that  it  left  a  triangular  area  of 
lesser  density  at  the  proximal  end  of  each  phalanx,  with  the  base  of  the  triangle 
at  the  proximal  end  of  each  phalanx  and  the  ape.x  pointing  toward  the  distal 
end.  At  the  ape.xes  of  these  triangles,  small  isolated  areas  of  calcification 
were  noted,  especially  in  the  proximal  phalanges.  At  the  base  of  these  triangles, 
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parallel,  transverse  bands  of  lime  deposits  were  noted.  These  were  especially 
marked  in  the  tlumihs.  Parallel  hairlikc  lines  also  ran  from  the  base  of  this 
triangle  toward  the  apex.  The  proximal  ends  of  the  bodies  of  the  phalanges 
at  the  base  of  the  triangle  described  were  structureless  and  of  marble-like  density, 
as  were  also  the  centers  of  ossification  for  the  proximal  ends  of  the  bone,  a 
well  defined  line  sei)arating  the  former  from  the  latter. 

The  metacarpals  showed  similar  changes,  the  greater  portion  of  the  bones 
presenting  a  marble-like  density.  The  distal  extremities  of  each  of  the  second, 
third,  fourth  and  fifth  bones,  corresponding  to  the  distal  center  of  ossification, 
showed  great  density.     Similarly,  the  proximal,  or  epiphyseal,  portion   of  the 


Fig.  .5. — General  marble-like  picture  of  the  bones  of  the  feet;  parallel  lines 
of  calcification  rimning  in  superimposed  disklike  fashion  at  the  base  of  the 
first  metatarsals:  peripheral  and  central  calcification  of  the  cuboid  bone,  with 
an  area  of  lesser  density  between. 


first  metacarpal  showed  great  density.  A  triangular  area  of  lesser  density, 
with  its  base  at  the  distal  end  of  the  bodies  of  the  metacarpals,  was  noted  in 
the  metacarpal  bones  corresponding  to  the  fingers.  The  base  of  the  triangle 
of  light  area  in  the  metacarpal  corresponding  to  the  thumb  was  toward  the 
proximal  end  of  the  body  of  the  bone  and  presented  well  defined,  disklike, 
parallel,  transverse  bands  of  calcification.  There  was  a  trace  of  a  distal  epi- 
physeal line  in  each  of  the  first  metacarpals. 

The  carpal   bones   presented   a   compact,  structureless   mass   of  marble-like 
density. 
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Tlie  epiphyses  of  the  radius  showed  the  same  marble-like  density  and  a 
well  defined  epiphyseal  line  in  the  upper  portion,  not  so  well  <lefined  in  the 
lower.  The  lower  epiphysis  of  the  left  radius  was  definitely  shown  to  be 
fractured,  although  the  patient  made  no  complaint  of  this. 

The  diaphysis  of  each  radius  was  curved  slightly  toward  the  radial  side, 
and    was    very    dense,    the    medullary    canal    being    almost    obliterated    in    pro- 


Fig.  4. — Hour-glass-like  narrowing  of  the  medullary  canal  due  to  thicken- 
ing of  the  corte.x  in  the  middle  third  of  the  femur,  and  transverse  layers  of 
increased  density  in  the  e.xpanded  distal  portion  of  the  medullary  canal; 
increased  density  of  the  pelvis. 


portion  to  the  thickening  of  the  corticalis.  Each  ulna  presented  a  picture 
similar  to  that  of  the  radius.  There  was  more  or  less  clubbing  of  the  upper 
ends  of  both  bones  of  the  forearm.  Peri-articular  calcification  of  the  elbow 
joint  was  noted  in  the  area  between  the  head  of  the  radius  and  the  capitellum. 
The  lower  end  of  each  humerus,  although  preserving  its  normal  contour,  showed 
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the  same  marhle-like  density,  the  medullary  canal  heing  very  narrow,  with  a 
corresponding   thickening  of  the  compact   substance. 

The  examination  of  the  feet  (Fig.  3)  revealed  a  picture  quite  similar  to 
that  noted  in  the  hands.  The  disklike,  parallel,  transverse  shadows  at  the 
proximal  ends  of  the  first  metatarsals  were  particularly  well  defined.  The 
tarsal    Ixmes.    with    the   exception    of   the   cuboid,    showed    the    same    compact, 


Fig.  5. — Pathologic  ohiique  fracture  through  the  distal  third  of  right  tibia; 
outward  bowing  of  the  shafts  of  the  tibia  and  fibula;  increased  density  of  the 
long  liones;  marked  increase  in  density  of  the  epiphyses. 


structureless,  dense,  marble-like  condition  noted  in  the  carpal  bones.  The 
cuboid  showed  a  peripheral  shadow  which,  toward  the  inside,  gave  place  to  a 
lighter  area,  which  again  showed  a  greater  density  in  its  center.  There  was 
no  calcification  of  the  tendon  of  .\chilles  at  its  insertion,  as  noted  by  Schulze 
in  his  case. 
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riu'  fcimirs  (Fig.  4)  were  symmetrically  involved,  with  a  marked  increased 
density  of  the  proximal  and  distal  thirds,  with  an  hour-glass-like  narrowing 
of  the  medullary  canal  in  the  middle  third,  due  to  a  thickening  of  the  cortex. 
Toward  each  end,  the  cortex  was  gradually  thinned  and  the  medullary  canal 
correspondingly  expanded.  This  was  most  marked  in  tlie  distal  portion.  In 
this   expanded  medullary  canal,  there  were   seven   irregular,   transverse   layers 


Fig.  6. — Scoliosis  of  the  dorsal  spine;  rihs  larger  and  denser  than  normally 
with  the  absence  of  bony  structure:  increased  density  of  scapulas,  most  pro- 
nounced about  the  head  and  coracoid  process;  humeri  similar  to  femurs. 


of  increased  density,  about  1  cm.  in  width,  wliich  may  have  represented  periods 
of  growth.  There  was  an  absence  of  normal  bone  structure.  The  epiphyseal 
lines  appeared  normal.  The  distal  epiphyses  were  markedly  increased  in  den- 
sity, with  absence  of  bone  structure.  The  proximal  third  presented  a  more 
uniformly  increased  density  than  the  distal,  with  absence  of  the  transverse 
layer  formation,  and  a  less  marked  thinning  of  the  cortex.     The  epiphyses  of 
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the  head  and  great  trochanter  presented  the  marked  dense  appearance,  with 
absence  of  bony  structure.  There  was  no  bowing  or  evidence  of  injury  and  the 
margins  were  smooth  in  outline. 

The  pelvis  was  normal  in  size  and  shape,  presenting  a  marked  increase  in 
density.  The  margin  of  the  crests  of  the  ilia  was  irregular  in  outline.  In 
the  central  portion  of  each  wing,  there  was  a  circular  area.  3  cm.  in  diameter, 
which  was  less  dense  and  appeared  like  normal  bone  about  which  were  con- 
centric  layers  of   increased  density   which   suggested  periods  of  growth. 


I'ig.  7.— Skull  showing  a  definite  increase  in  density  about  the  base  of  the 
middle  and  frontal  fossae ;  posterior  and  anterior  clinoid  processes  enlarged, 
increased  in  density;  the  posterior,  a  clublike  prominence. 


The  tibias  (Fig.  5)  were  similar  in  appearance,  except  for  an  oblique 
fracture  extending  for  a  distance  of  8  cm.  through  the  distal  third  of  the  right. 
The  fragments  were  in  good  position  and  there  was  evidence  of  callus  for- 
mation. There  was  definite  bowing  outward  of  the  shaft.  The  middle  third 
was  similar  in  appearance  to  the  femurs.  The  proximal  third  presented  a 
similar  appearance  to  that  of  the  distal  third  of  the  femur,  having  the  indistinct 
transverse  layers  of  increased  density,  of  which  five  could   be   identified.     In 
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the  distal  tliinl,  tlio  density  was  irrcj^ular  and  presented  no  suggestion  of  layer 
formation.  The  epiphyses  were  markedlx  incrc'ased  in  density,  with  absence 
of  hony  structure. 

The  fibulas  presented  the  same  general  characteristics  as  the  femurs  and 
tihias.  There  was  a  slight  scoliosis  of  the  spine  (Fig.  6),  and  the  bodies  of 
all  the  vertebrae  showed  a  marked  increase  in  density.  The  ribs  were  larger 
and  denser  than  normal,  with  aljsence  of  bony  structure.  There  were  the  same 
general  changes  in  the  clavicles  that  were  common  to  the  other  long  bones. 
The  scapulae  showed  increased  density,  which  was  most  pronounced  about  the 
head  and  coracoid  process.  Tlie  humeri  were  s_\nnnetrically  involved,  the 
proximal  two-thirds  having  an  appearance  similar  to  that  of  the  distal  portion  of 
the    femur,   while   the   distal  third   showed   less   change. 

The  skull  (Fig.  7)  showed  a  definite  increase  in  density  al)out  the  base  of 
the  middle  and  anterior  fossae.  The  anterior  and  posterior  clinoid  processes 
were  larger  and  more  dense  than  normally,  the  posterior  appearing  as  a  clublike 
bony  prominence.  The  fossa  for  the  pituitary  gland  was  8  mm.  in  diameter.  The 
area  of  the  sphenoidal  sinus  showed  a  uniformly  increased  density,  leaving  no 
evidence  of  a  cavity.  The  mastoid  areas  were  similar  in  appearance,  with  an 
increased  density  and  no  evidence  of  mastoid  cells.  The  coronal  and  lamboid 
structures  were  very  distinct  and  appeared  normal,  as  did  also  the  grooves 
of  the  meningeal  arteries.  The  vault  appeared  normal,  having  a  good  bony 
structure,  and  it  was  the  only  part  of  the  skeleton  that  did  appear  normal. 

These  changes  sliuwed  that  there  had  been  a  generalized  disturbance  in  the 
bone  forming  elements,  in  which  there  was  an  increased  bone  production, 
together  with  a  thinning  out  of  tlie  structure  in  other  parts,  leaving  the  bone 
rather  fragile,  as  is  demonstrated  by  llie  oblique  fracture  of  the  right  tibia, 
which  was  the  result  of  a  very  minor  injury.  If  the  layer  formations  which 
could  be  demonstrated  are  interpreted  as  periods  of  growth,  each  of  a  year's 
duration,  we  may  conclude  that  the  process  had  lieen  going  on  for  about  seven 
years. 

LITER.\TURE 

In  l'.>04,  Albers-Schonberg '  presented  rdentgenograms  of  a  rare 
bone  disease  which  hitherto  had  been  undescriljed.  A  man,  aged  26, 
fell  into  a  shallow  rut  and  fractured  the  femur.  Roentgen-ray  exami- 
nation revealed  that  the  bony  structure  was  not  recognizable.  The 
bones  gave  deep,  black  shadows ;  the  medullary  cavity  was  lacking ; 
the  corticalis  was  diffused.  Examination  of  the  entire  bony  structure 
revealed  a  fracture  of  the  other  thigh  an<l  one  of  the  olecranon.  Of 
the  origin  of  these  the  patient  knew  nothing. 

Besides  the  deep,  dark  bone  shadows,  there  were  several  trans\'erse 
rings  visible  on  the  shorter  bones  of  the  extremities,  as  well  as  on  the 
ribs.  The  whole  jiicture  suggested  an  unusually  pronounced  calcification 
of  the  whole  skeleton. 

In  1907,  Albers-Schtinberg  -  enlarged  on  the  earlier  report  (  1904-) 
of   his    patient,    who    now    enjoyed    perfect    health,    and    worked    as    a 


1.  Albers-Schiinberg :  Rdntgenbilder  einer  seltenen  Knochenerkrankung, 
Miinchen.  med  Wchnschr.  51:365,  1904. 

2.  Albers-Schfinberg :  Fine  bisher  nicht  beschriebene  ."Xllgemeinerkrankung 
des  Skeletts  im  R/lntgenbilde.  Fortschr.  a.  d.  Geb.  d.  Ri'mtgenstrahlen  11:261. 
1907. 
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iiicrcliant  without  any  trouble.  Sym])tonis  gi\en  in  the  first  descrijjlion 
were  still  unchanged.  He  adds  the  picture  of  the  condition  of  the 
skull,  which  is  peculiar  in  the  region  of  the  sella  turcica.  The  posterior 
clinoid  process  consisted  of  a  club-shaped  solid  bony  prominence,  which 
apparently  indented  the  region  of  the  sella.  The  crista  galli  also  showed 
the  same  changes.     The  other  bones  showed  a  marble-like  character. 

In  conclusion,  Albers-Schonberg  emphasized  besides  the  marble-like 
changes  of  the  bones,  the  especially  characteristic  appearance  of  parallel 
bands  of  lime  in  the  diaphyses  of  the  bones  of  the  hand,  of  the  feet, 
of  the  fibula  and  on  the  ribs.  He  emphasized  the  fact  that  these  were 
the  result  of  esiiecially  dense  lime  de]iosits.  The  etiolotjy  of  this 
condition  is  not  known. 

In  1913.  Schmidt-'  reported  a  case.  He  wished  to  introduce  the 
name  of  "lime  gout"  because  of  the  similarity  between  the  process  in 
extensive  lime  deposit  due  to  metabolic  disturbanco.  and  the  genuine 
uric  acid  gout. 

The  case  reported  by  Schmidt  was  that  of  congenital  o.steosclerosis, 
in  which  the  long  pipe  bones  were  less  affected  than  the  vertebrae,  the 
base  of  the  skull  and  the  sternum.  The  child  was  well  developed,  and 
died  thirty  hours  after  birth.  The  blood  was  that  of  a  normal  cadaver. 
The  bone  marrow  showed  a  physiologic  cell  synthesis  without  signs  of 
a  fibrous  change  or  a  leukemic  or  |)seudoleukemic  disease.  There  was 
also  enlargement  of  the  hypophysis. 

In  1914,  Sieck  *  reported  three  cases  of  a  rare  disease  of  the 
skeleton. 

Case  1. — .\  girl,  aged  15,  undeveloped  for  her  years,  had  been  apparently 
well  in  early  youth.  Her  growth  was  impeded  when  5  years  old  liy  a  slight 
fracture  of  the  femur.  In  the  course  of  the  years,  she  had  fourteen  other 
fractures.  There  was  gradual  increase  in  defect  of  eye-sight.  During  the 
last  two  years,  suppuration  of  the  lower  jaw  had  occurred,  causing  almost  all 
the  teeth  to  fall  out.  Ophthalmoscopically,  considerable  optic  nerve  atrophy 
was  revealed.  Roentgen-ray  examination  revealed  complete,  structureless  skull 
bones.  The  sella  turcica  was  narrowed.  The  clinoid  process  projected  greatly. 
The  femur,  tibia  and  fibula  of  both  sides  showed  club-shaped  thickenings.  In 
the  lower  half  of  the  tibia,  parallel  to  the  middle  of  the  diaphyses,  were 
convex  streaks.  The  epiphyses,  as  well  as  the  diaphyses.  were  without 
structure  and  only  in  the  lower  third  of  the  leg  (below  the  knee)  could  the 
corticalis  and  medullary  space  still  be  distinguished.  In  the  upper  extremities 
were  different,  deformed,  healed  fractures.  The  upper  half  of  the  humerus 
was  thickened  like  a  club,  and  the  lower  half  showed  transverse  striations, 
like  the  tibia,  with   the  concavities   toward   the  diaphyses. 


3.  Schmidt,  M.  B. :  Kalkmetastase  und  Kalkgicht.  Dcutsch.  med.  W'cbnschr. 
S9:59,  1913. 

4.  Sieck:  Uebcr  drei  Fallc  eincr  scltenen  Skelcttcrkrankung  (Marmor- 
knochen  nach  .\lbers-Schonbcrg),  Festschrift  zur  Fcier  des  25  jahrigen 
Bcstehens   des   Eppcndorfer   Krankenb.m^es.    l'M4 
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Cask  2.  —  A  boy,  aged  3'/2  years,  with  hydrocephalus,  great  decrease  in 
vision,  and  beginning  optic  nerve  atrophy,  presented  a  perceptibly  enlarged 
posterior  clinoid  process.  The  base  of  the  skull  and  the  skeleton  of  the 
face  were  thickened  and  structureless.  The  humerus  in  its  upper  end  was 
club-shaped.  The  metacarpals  and  phalanges  were  thickened.  The  talus, 
calcaneus  and  cuboid  showed,  in  the  roentgenogram,  a  peripheral  shadow 
which,  toward  the  inside,  gave  place  to  a  lighter  area  so  as  to  show  again  a 
thickening  in  the  center. 

C.\SE  3. — A  girl,  aged  2J/2  years,  with  hydrocephalus  and  optic  nerve  atrophy, 
presented  a  narrowed  sella  turcica,  but  not  so  pronounced  as  in  Case  2.  The 
posterior  clinoid  process,  however,  was  plainly  enlarged.  The  bones  of  the 
skull  and  extreinities  were  of  the  same  structureless  nature  as  in  the  preceding 
case.     This  patient  and  the  patient  in  Case  2  were  brother  and  sister. 

Sieck  believes  that  the  fine  parallel  streak.s  in  the  cliaphvses  are 
zones  (if  growth. 

In   1915,    Reiche  ■''  descriljed  a  case  of   osteosclerosis   and  anemia. 

The  patient  was  a  man.  37  years  old.  mentally  active.  He  was  delicately 
built  and  looked  pale.  He  was  married  and  had  no  children.  He  Iiad  an 
e.xcessive  appetite,  and  required  a  great  deal  of  sleep.  Roentgenograms  revealed 
thickening  of  the  bones.  In  the  left  groin  was  a  tumor  the  size  of  a  child's 
fist,  which  w^as  sensitive  to  pressure.  The  liver  projected  about  one  and  one-half 
finger  breaths  over  the  right  costal  arch. 

The  condition  of  the  blood  was  as  follows :  The  hemoglobin  content  was 
permanently  decreased  and  varied  between  30  and  36.  Microscopically,  the  red 
blood  corpuscles  varied  greatly  in  size.  Erythrocytes  were  seen  in  some  of  the 
preparations.  Blood  platelets  were  present  in  abundance.  The  number  of 
polymorphonuclear  leukocytes  was  permanently  decreased,  which  multiplied 
the  numlier  of  lymphocytes. 

Reiche  concludes  that  no  peculiarity  in  the  blood  picture  exists  in 
cases  of  osteosclerotic  anemia,  and  that  so  far  roentgenography  is  the 
best  procedure  to  determine  the  characteristic  marble-like  density  of  the 
bones. 

In  1917,  Pick  ''  called  attention  to  the  fact  that  it  could  not  be  proved 
inacroscopically  that  the  changes  in  the  bone  were  responsible  for  the 
appearance  of  the  lime  deposits,  and  that  they  reminded  one  of  the 
picture  of  classical  lime  metabolism.  Schulze  "  found  dottble  the  norma! 
lime  value  of  the  blood  in  his  case ;  and,  in  considering  the  progressive 
exhaustion  of  the  bone  substance  and  the  enrichment  of  the  blood  with 
lime  salts,  he  suggests  that  this  follows  a  low  grade  of  activity  of  the 
osteoblasts,  and  the  lime  is  incompletely  utilized  in  forming  new  bone 
substance. 


5.  Reiche,  F. :    Osteosklerose  und  .'\namic.   Munchen.  med.   W'chnschr.  62: 
944  (July  13)  1915. 

6.  Pick,    L:      Die    indikatorische    Bedeutung    der    Kalkmetastase    fiir    den 
Knochenabbau,  Berlin  klin.  Wchnschr.  54:797.  V)\7. 

7.  Schulze.  Fritz:    Das   Wesen   des   Krankheitshildes   der  "Marmorknochen 
(Albers-Schonberg),"  Arch.  f.  klin.  Chir.  118:411,  1921. 
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In  1920  Laurel!  and  Wallj^ren  "  described  a  disease  of  the  skeleton 
originally  observed  in  a  boy  of  12.  The  skeleton  showed  general 
fragility,  with  a  marble-like  appearance. 

Ernst  E..  aged  12  years,  was  the  third  of  five  children.  The  other  children 
were  healthy,  without  any  sign  of  rickets  or  other  bone  disease.  The  family 
history  was  negative.  At  one-half  year,  he  had  not  developed  much  since  birth. 
He  was  pale  and  irritable  and  cried  all  day  long.  The  head  seemed  to  grow, 
although  the  body  did  not.  Up  to  the  age  of  S  or  6  years,  the  skull  circum- 
ference increased  very  noticeably.  At  about  1  year  of  age.  his  mother  noticed 
that  he  had  nystagmus.  After  his  second  year,  it  was  discovered  that  his  vision 
was  defective.  .\i  ZY2  years  he  could  walk  and  talk  quite  well.  At  the  age 
of  1  year  his  first  teeth  appeared,  and  the  rest  came  in  slowly  and  irregularly. 
.\t  3  years  of  age,  his  parents  consulted  a  physician  who  diagnosed  his  case 
as  rickets  and  hydrocephalus  and  prescribed  cod  liver  oil.  No  great  improve- 
ment followed.  In  1915,  when  the  boy  was  8  years  old,  he  fell  backward  down 
the  stairs  and  fractured  the  right  femur,  for  which  he  was  treated  for  eight 
weeks  at  the  hospital  and  was  then  discharged  with  good  callus  formation. 
The  next  year  he  broke  his  left  leg.  This  fracture  also  healed.  In  the  follow- 
ing year  he  suffered  still  another  fracture  of  the  left  leg.  In  1918,  the  right 
femur  was  fractured;  this  healed  after  six  weeks.  In  July,  1919,  without 
known  injury  or  accident,  the  right  femur  was  again  fractured.  He  w'as  sent 
to  the  hospital,  the  fracture  healed,  and  he  was  then  transferred  to  the  children's 
ward. 

Roentgen-ray  examination  revealed  old  fractures  in  other  parts  of  the 
skeleton.  On  admission,  the  boy  seemed  in  good  general  condition,  with  poor 
musculature.  He  was  122  cm.  tall  and  weighed  23.3  kg.  He  was  afebrile;  the 
pulse  was  100.  His  head  was  large  in  proportion  to  the  rest  of  his  body.  It 
measured  57.5  cm.  in  circumference.  When  he  looked  to  the  side,  a  slow 
nystagmus  was  present.  When  he  looked  toward  the  left,  this  was  especially 
marked.  The  pupils  were  wide  and  reacted  normally  to  light.  Vision  was 
limited.  There  was  a  bilateral  choked  disk  in  the  atrophic  state,  moderate 
bilateral  rhinitis,  poor  teeth  and  stomatitis.  The  tonsils  were  small  and 
smooth.  There  was  marked  lordosis  of  the  lumbar  spinal  column  when  he 
stood.  The  thorax  was  deformed,  with  a  deep  depression  along  the  insertion 
of  the  diaphragm,  and  a  corresponding  bulging  forward  of  the  edges  of  the 
thorax.  The  abdomen  was  slightly  distended  but  not  painful.  The  skin  and 
tendon  reflexes  were  active.  The  Babinski  sign  on  the  right  was  negative;  on 
the  left,  uncertain.  The  lungs  were  normal  except  for  a  slight  basal  bronchitis. 
The  heart  sounds  were  distinct.  The  blood  pressure  was  100.  The  spleen  was 
palpable.  The  liver  was  not  enlarged.  The  sexual  organs  were  normal.  The 
Wassermann  reaction  was  negative;  the  Ross-Jones  reaction  was  negative. 
Detailed  roentgen-ray  findings  are  given. 

Examination  revealed  the  fact  that  the  thyroid  was  nonpalpable.  .Ml 
osseous  structures  showed  an  enormous  deposition  of  lime,  especially  in  the 
cranium  and  trunk.  There  was  a  history  of  hydrocephalus.  The  long  bones 
showed  condensed  lime  rings  and  lateral  bands.  Experiments  were  made  with 
the  view  of  determining  a  possible  retention  of  lime,  but  the  result  was  ncga- 


8.  Laurell  and  Wallgren  :  Untersuchungen  fiber  einen  Fall  einer  eigenar- 
tigen  .Skeletterkrankung  f Osteosclerosis  fragilis  generalisata),  Upsala  Lakaref. 
Forh.  25:, 109  (Xov.  8)  1920. 
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live.  The  diagnosis,  founded  on  liistory  and  feeding  experiments,  was  :  initial 
rachitis,  complicated  hy  hydrocephalus  and  a  fundamental  disturhance  of  the 
glands  of  internal  secretion:  thyroid,  hypophysis  and  perhaps  others,  resulting 
in  lime  condensation,  and  some  secondary  symptoms  (serous  meningitis, 
atrophy  of  the  optic  nerve,  anemia). 

Four  similar  cases  are  known,  iiight  roentgenograms  show  the  patlmlogic 
structure. 

In  1921,  Schultz  '  di^cu.^.^f(!  the  nature  of  the  disease  of  marble 
bones   ( Albers-Schonberg)   and  reported  a  case. 

Hugh  S.,  aged  11  years,  of  healthy  family,  mentally  well  developed,  had 
always  heen  well.  In  1914  he  had  scarlet  fever.  Ever  since  that  time  he  had 
been  sickly.  He  was  sent  to  the  hospital  for  disease  of  the  lungs.  There 
was  no  improvement.  There  was  slowly  increasing  stiffness  of  the  vertebral 
column  and  visible  emaciation. 

At  the  time  of  examination  the  vertebral  column  showed  a  right  scoliosis  of 
the  upper  thoracic  vertebrae.  The  patient  was  confined  to  bed.  The  teeth  were 
decidedly  rachitic.  Calcification  of  tlie  ligament  of  the  patella  and  the  Achilles 
tendon  at  insertion  showed  in  the  roentgenograms,  also  calcification  of  the 
posterior  longitudinal  ligament  of  the  vertebral  column  and  the  plantar  ligament 
was  noted. 

The  ossification  of  the  vessels  appeared  as  a  secondary  condition,  compared 
with  the  changes  in  the  entire  skeleton.  With  the  exception  of  the  metaphyseal 
regions,  the  corticalis  and  medullary  space  had  disappeared  in  all  the  long 
pipe  bones.  The  bones  were  changed  into  a  compact,  structureless,  bony  mass. 
These  changes  also  appeared  in  the  short  bones,  such  as  the  vertebrae  and 
bones  of  the  feet.  The  axes  of  the  femur,  filnila.  tibia  and  forearms  showed 
indistinct  curvature.  The  head  of  the  humerus  showed  club-shaped  thicken- 
ings.   The  head  of  the  left  femur  stood  in  coxa-valga  position. 

Necropsy  revealed  that  the  degree  of  thickness  of  the  bone  substance  was 
increased,  inasmuch  as  there  were  lime  deposits  in  the  marrow  spaces,  which 
in  places  completely  filled  the  marrow  space,  with  the  exception  .of  very  small 
blood  vessel  canaliculi.  This  lime  deposit  rested  partly  on  the  wall  of  the 
arteries  but  was  independent  of  the  condition  of  tlie  medullary  tissue.  Bone 
changes  were  found  in  the  whole  skeleton.  The  posterior  clinoid  process  and 
the  sella  turcica  showed  clublike  thickenings,  which  authorities  believe  cause 
a  decrease  in  function  of  the  hypophysis. 

Worthy  of  notice  was  tlie  ci>nsiderable  narrowness  of  all  the 
foramina  of  the  Ijase  of  the  skull.  This  narrowiiig  seemed  to  justify 
the  conclusion  that  tlie  optic  nerve  atrophy,  which  is  so  often  noticed, 
might  be  due  to  bony  pressure  upon  the  optic  nerve.  Schulze  believes 
that  the  slow  bone  formation  is  responsible  for  the  increase  in  the  lime 
content  in  the  blood  and  can  be  considered  as  a  final  result  of  defects 
in  the  lime  metabolism. 

In  this  disease,  according  to  Mrchow.''  the  normal  excretiim  of  lime 


9.  N'irchow :     Die    Kalkmetastase,    Virchows    -Arch.    f.    path.   Anat.   81:618, 
1856;   ibid.  81:10.i.  1855. 
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salts  is  reduced  because  of  inflamed  or  diseased  kidneys,  an  accumula- 
tion of  these  salts  in  the  blood  occurring  as  a  consequence.  It  has  been 
shown,  however,  that  marked  disturbances  in  lime  metabolism  are 
possible  even  when  the  kidneys  are  not  diseased.  The  kidneys  in  the 
case  observed  by  \'ircho\v  presented  a  hyaline  degeneration  of  the 
glomeruli  due  to  an  obliterating  endarteritis  and  calcification.  The 
process  which  at  first  seemed  dependent  on  an  excess  of  lime  salts  in 
the  blood  caused  extensive  calcification  of  the  vessels. 

According  to  Reiche,  the  osteosclerosis  in  his  case  was  caused  by 
myelogenous  leukemia  or  pseudoleukemia,  but  this  is  not  very  jirobable. 
On  the  contrary,  there  exists  a  similarity  between  this  condition  and 
rachitis,  as  is  shown  by  the  condition  of  the  proliferative  cartilage  zo!ie. 

Microscopically,  the  formation  of  the  periosteal  new  bone  is  very 
slight.  The  bone  very  often  api)ears  to  be  incomplete  because  of  the 
imperfect  bone  corpuscles.  The  cambium  layer  of  the  periosteum  is  dis- 
tinctly recognizable,  but  shows  flat,  s]3indle-like  cells,  without  any  very 
active  zones  of  proliferation. 

According  to  Lorey,'"  cited  by  .Sclutlze,  tiie  three  children  reported 
by  Sieck  died  with  symptoms  of  anemia  due  to  maxillary  necrosis, 
with  protracted  suppuration.  Lorey  rejxjrts  the  findings  in  a  brother 
of  the  girls  in  whom  he  could  observe  great  thickening  of  the  skeletal 
system,  so  that  no  separation  between  corticalis  and  spongiosa  was 
possible. 

Especially  noticeable  was  the  even  thickening  of  the  calcaneus  and 
talus,  which  did  not  show  a  light  ])lace  in  the  center,  as  in  the  two 
sisters.  The  streaks  running  transversely,  which  in  the  other  cases 
were  very  plain,  were  not  visible  in  this  case.  There  was  increased 
intraspinal  pressure,  and  optic  atroi)hy  in  a  few  weeks  caused  blindness. 
The  child  died  at  the  age  of  .^  months,  after  a  severe  anemia  and 
necrosis  of  the  maxilla  with  suppuration.  Necropsy  was  not  performed. 
10.  Lorey :  Uelier  eine  sclir  schciic  .Mlgemeinerkrunkung  des  Skeletts 
(Marmorskelett).  \'erhaiKll.  dcr  deutscli.  Rontgeii-Gescllsch..  cited  by  Schulze : 
Arch.  f.  klin.  Chir.  118:41.1  IDil. 


OSTEOPSATHYROSIS:    REPORT    OF    A    CASE 

WITH     ROENTGENOGRAMS     OF     ELEVEN     DIFFERENT     FRACTURES 
IN     THE     SAME     PATIENT  * 

DONALD     M.     GLOVER,     M.D. 

BOSTON 

The  accompanying  case  of  osteopsathyrosis  was  treated  and  studied 
in  the  surgical  outpatient  department  of  the  Children's  Hospital,  Boston. 
The  accompanying  series  of  roentgenograms  gives  a  graphic  fracture 
history  of  the  patient  from  the  time  he  was  9  months  old  until  his 
death,  at  71/2  years. 

In  spite  of  the  large  number  of  cases  reported  in  the  literature, 
osteopsathyrosis,  or  fragilitas  ossium,  is  a  relatively  uncommon  cause 
of  pathologic  fractures.  Griffith  ^  and  Ostheimer  -  had  collected  193 
cases  in  all  up  to  1913,  and  since  then  a  few  cases  have  been  reported. 
In  1913  one  case  was  reported  by  Schwarz  and  Bass,^  and  another  by 
Bamberg  and  Huldschinsky.^  In  1914  Bookman  ^  reported  one,  and 
the  following  year  Kienbock  '''  collected  thirty-seven  cases  from  the 
literature  (from  1888  to  1914)  and  added  two  cases  of  his  own.  Blaine  ^ 
reported  one  case  in  1916,  and,  in  1917,  Hess  *  presented  four  cases  and 
Mi.xsell  ■'  two.     In  1920  Ruggeri  "  reported  one,  and  in  1921  Vander 


*  I'Vom  the  surgical  service  of  the  Children's  Hospital,  Boston,  under  the 
direction  of  Dr.  James  S.  Stone.  The  roentgenogram  reproduced  in  Figure 
12  is  used  through  the  courtesy  of  the  Massachusetts  General  Hospital. 
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Veer  and  Dickinson  "  reported  one.  There  have  doubtless  been  others 
that  I  have  overlooked.  In  other  words,  more  than  200  cases  of 
osteopsathyrosis  have  been  reported.  Contrasted  with  this  apparently 
large  group,  we  find  that  in  a  series  of  45,000  births  in  the  Gottingen 
Frauenclinic,  Birnbaum  '"  found  only  one  case  of  fragilitas  ossium. 
Again,  in  a  series  of  1,610  long  bone  fractures  (including  the  clavicle) 
treated  at  the  Massachusetts  General  Ilos]iital,  only  two  fractures  due 
to  fragilitas  ossium  are  recorded." 

REPORT     OF     CASE 

History. — The  family  history  was  of  no  significance.  The  father,  mother 
and  five  other  children  were  hving  and  well.  There  was  no  history  of  bone 
disease,  fractures  or  blue  sclerae  anyw'here  in  the  family.  The  patient  was 
a  full  term  baby  and  was  delivered  normally.  He  was  breast  fed  for  fourteen 
months.  He  had  had  measles,  but  no  other  illnesses,  except  for  the  fractures 
he  had  sustained.  His  lower,  central  incisor  teeth  were  present  at  birth.  About 
a  year  ago  they  had  come  out,  and  none  had  replaced  them. 

When  9  months  old,  the  patient  fell,  fracturing  the  left  femur  just  above 
the  condyles  (Fig.  1).  A  plaster  spica  was  applied  in  the  surgical  outpatient 
department  of  the  Children's  Hospital,  and  union  resulted,  with  practically 
no  deformity. 

\\1ien  21  months  old,  he  was  jumping  on  the  porch  steps,  when  he  began 
to  cry  and  to  hold  up  his  right  leg.  He  did  not  fall,  but  he  would  not  use 
his  right  leg  after  that.  The  roentgen  ray  revealed  a  fracture  at  about 
the  junction  between  the  upper  and  middle  thirds  of  the  right  femur,  with 
slight  anterior  bowing  (Fig.  2).  He  was  admitted  to  the  hospital,  where  a 
plaster  spica  was  applied  with  a  pad  over  the  site  of  the  deformity.  At  that 
time  both  femurs  showed  some  anterior  bowing,  which  Dr.  James  S.  Stone 
then  attributed  to  rickets  (Fig.  3).  A  small  cystic  rarefaction  was  noted  at 
the  lower  end  of  the  left  femur. 

Soon  after  discharge  from  the  house,  in  the  following  month,  the  roentgen 
ray  revealed  shadows  about  the  site  of  the  fracture,  which  were  rather  more 
extensive  than  might  be  expected  from  callus  formation  alone  (Fig.  4  A). 
Three  months  later  he  was  again  admitted  because  of  a  definite  tumor  mass  that 
had  formed  at  the  point  of  fracture.  Because  of  the  possibility  of  new  growth, 
the  tumor  mass  was  excised.  Pathologic  examination,  however,  demonstrated 
the  specimen  to  be  callus  and  not  new  growth  (Fig.  4  B).  .At  about  this 
time,  the  patient  complained  of  inability  to  flex  the  right  forearm,  but  there 
were  no  clinical  signs  of  fracture.  Xo  rocntgen-ray  examination  was  made. 
After  immobilizing  the  arm  with  an  internal  angular  splint  for  a  few  days, 
all  symptoms  disappeared. 

When  2  years  and  9  months  old,  the  patient  complained  of  some  pain  in 
the  left  thigh.  The  roentgen  ray  disclosed  slight  raising  of  the  periosteum 
along  the  middle  third  of  the  left  femur  (Fig.  5).  A  plaster  spica  was  applied 
and  kept  on   for  two  months,  after  which  time  all  symptoms  abated. 


11.  Vander  Veer,   E.  A.,  and   Dickinson,   A.   M.:     Fragilitas   Ossium.   .Ann. 
Surg.  74:629  (Nov.)    1921. 

12.  Birnbaum.  R. :     \  Clinical  Manual  of  the  Malformations  and  Congenital 
Diseases  of  the   Foetus.   Philadelphia.   P.   Blakiston's    Son   &   Co.,   1912.   p.  246. 

13.  MacDonald,    R.   F. :     Unpublished    scries   of   pathologic    fractures. 
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When  3  years  old,  he  fell  to  the  door  from  a  standing  position.  His  left 
arm  swelled  considerablj  ;  but  the  swelling  disappeared  within  a  few  days,  and 
the  function  seemed  practically  normal  again.  A  roentgenogram,  taken  one 
week  later,  revealed  a  fracture  of  the  left  radius,  with  some  lateral  displace- 
ment, hut  no  overriding  (Fig.  6.).  Good  union  was  obtained  with  antero 
posterior  splints. 

When  he  was  4  years  old,  he  fell  again,  and  a  green-stick  fracture  of  the 
left  radius  resulted  (Fig.  7).  This  fracture  united  quickly  without  deformity, 
after  splinting. 


Fig.    1. — Fracture   of   the   distal   end    of   the    left    femur   at   9 
patient's   first   fracture). 


(the 


At  4  years  and  S  montlis.  he  fell  from  the  davenport,  alighting  on  his 
right  arm.  The  upper  third  of  the  right  humerus  was  fractured  with  com- 
paratively little  displacement  (Fig.  8).  Good  union  was  obtained  by  means 
of   a   traction    splint,   after   a   triangle    in   the    axilla   had    failed. 

When  nearly  5  years  old,  the  boy  fell  from  a  cart  onto  his  right  shoulder, 
fracturing  the  right  clavicle  about  the  middle  (Fig.  9).  This  break  united 
without  deformity,  a  \'elpeau  bandage  being  used.   At  the  same  time,  roentgen©- 
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grams  were  made  of  both  tibias,  because  of  the  bowing  they  presented  (Fig.  10). 
This  bowing  was  interpreted  by  Hr.  Percy  Brown  as  being  due  to  rickets. 

When  he  was  nearly  7.  the  patient  fell  on  the  left  arm,  breaking  both 
bones  of  the  forearm  (Fig.  11).  He  was  treated  in  the  outpatient  department 
of  the  Massachusetts  General  Hospital,  and  good  union  was  obtained,  although 
marked  txiwing  of  both   bones  remained. 

At  7  years  and  3  months,  he  fell  over  backward,  bis  weight  falling  on  his 
hyperextended  palms.  Swelling  appeared  over  the  flexor  tendons  of  the  left 
wrist,  and  flexion  and  extension  became  painful.     The  swelling  and  tenderness 


F'ig.  2. — Fracture  of  the  right   fenuir  at   1   year  and  9  months. 

disappeared  in  two  or  three  days,  but  some  ccchymosis  remained.  Slight  mobility 
was  detected  on  palpation,  and  the  roentgen  ray  demonstrated  that  a  small 
crack  had  been  opened  up  at  the  site  of  the  last  radial  fracture  (Fig,  12). 
This  injury  was  treated  with  a  posterior  splint  and  pads  and  adhesive  straps 
to  correct  the  bowing,  with  fairly  good  results.  Roentgenograms  of  all  the 
long  bones,  the  skull  and  the  chest  were  taken  at  the  same  time  ( Figs.  13, 
14,  15,  16  and  l"i      The  b.ne  l">!i(-;  <■{  the  extremities  all  showed  anterolateral 
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Ijowini;,  with  marked  thickening  of  tlie  cortex  of  tlie  diaphysis  and  relative 
thinning  at  the  epipliysis.  Tlic  chest  showed  nothing  remarkahle,  and  the  skull 
showed   only   moderate   thinning. 

At  7Vz  years,  the  patient  tripped  over  a  rug  and  fell  on  his  right  arm.  The 
roentgen  ray  revealed  no  evidence  of  fracture.  Nine  days  later  he  again  fell 
on  the  floor  at  home,  breaking  the  right  humerus  at  about  the  junction  of  the 
middle  and  upper  thirds.  The  roentgen  ray  disclosed  a  clean,  right-angled 
break,  with  practically  no  displacement  (Fig.  18).  He  walked  into  the  out- 
patient  department   that   morning.     The   arm   was   immobilize<l    with   coaptation 


Fig.  3. — Appearance  of  the  left  femur  at  the  time  uf   fracture  of  the  right 
femur,  shown  in  Figure  2.     A  cystic  area  is  seen   in  the  lower  third. 


and  an  internal  angular  splint.  He  was  kept  under  observation  until  late  in 
the  afternoon,  and,  as  there  was  no  evidence  of  other  injury,  he  was  allowed 
to  go  home.  During  the  evening  he  vomited  several  times  and  was  seen  by 
his  local  physician,  who  made  a  diagnosis  of  fractured  skull,  sending  him  to 
the  hospital.  On  the  way  to  the  hospital,  he  is  said  to  have  died  from  intra- 
cranial   hemorrhage.     Necropsy    was   not   performed. 

Physical  Examination. — At  no  time  did  examination  reveal  anything  remark- 
able about  the  patient  except  bowing  of  the  extremities  and  slight  deformities 
due  to  the  various  fractures.  .'\s  shown  in  Figure  19,  the  boy  was  well  propor- 
tioned  and  of   about  normal   size,   with  a  slightlv  flattened   chest   and   a   rather 
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proniiiient  alxlomen.  All  of  the  extremities  showed  moderate  outward  bowing. 
The  lower,  central  incisor  teeth  were  absent,  and  the  alveolar  process  was 
much  thinned  out  at  that  point.  There  was  no  evidence  of  the  presence  of 
permanent  incisors  in  the  alveolar  process  to  replace  the  missing  teeth.  The 
sclerae  were  of  normal  color  and  did  not  show  the  dark  bluish  tint  which 
has   often   been   described   in   patients   with   osteopsathyrosis. 

Summary. — The  patient  was  a  boy.  aged  7V2  years,  with  nesative  family 
history,  who  had  sustained  multiple  long  bone  fractures,  and  who  died  foUow-ing 
what  was  probably  a  fractured  skull.  Eleven  fractures  were  demonstrated  by 
the  roentgen  ray.  and  there  were  two  other  proliable  fractures  which  were  not 


Fig.  4. — A,  appearance  of  femur  one  month  after  the  fracture  shown  in 
Figure  2.  showing  the  excess  of  callus  formation  at  the  site  of  fracture;  B, 
four  months  after  the  fracture.  The  apparent  tumor  at  the  site  of  fracture 
proved  to  be  callus. 


rocntgenographcd.  The  fractures  were  distributed  thus:  left  radius.  4;  right 
humerus.  2  (3?);  left  femur,  2;  right  femur,  1;  right  clavicle.  1:  left  ulna, 
1,  and  skull,  1   ( ?). 

.Ml  of  the  fractures  were  the  result  of  comparatively  slight  trauma,  and 
all,  with  the  exception  of  those  immediately  preceding  death,  united  readily. 
The  deformities  resulting  from  fractures  were  insignificant;  but  the  long  bones 
of  all  the  extremities  showed  a  certain  amount  of  outward  bowing,  from 
infancy.  One  of  the  early  fractures  showed  excessive  callus  formation,  and  in 
one  other  case   a   small   cvstlike   rarefaction   of  the   bone   was   noted. 
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TERMINOLOGY 

Many  names  have  been  applied  to  this  condition  which  is  character- 
ized hy  congenital  bone  fragility.  Osteopsathyrosis,  fragilitas  ossium 
and  osteogenesis  imperfecta  are  the  terms  in  common  use  in  tbr  lMii,'lish 
literature.     "Idiopathic  osteopsathyrosis"   is  accepted   b\-  most   dt    the 


Fig".  5. — I'racture  u£  tlie  k-ft  tiimir  at  1  \fars  and  9  months,  .sluiwii  liere 
by  raising  of  the  periosteum.  Bdtli  femurs  show  consideraI)le  liowing  and  flaring 
at   the   epiphyseal   line. 

continental  writers.  It  has  Ijeen  ]iointed  out  that  "fragilitas  (is>ium" 
accentuates  the  chief  clinical  .symptoiu  of  the  disease,  while  "osteogenesis 
imperfecta"  suggests  the  etiologic  factor  (if  imperfect  bone  formation. - 
Practically  rill  writers  use  osteopsathynisis  and  osteogenesis  imperfecta 
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synonymously,  but  Griffith  '  reserves  the  latter  name  for  cases  of  multi- 
ple intra-uterine  fractures,  together  with  imperfect  develoimieut  of 
membrane  bone. 

CLASSIFICATION     OF     CASES 

Nichols"  divides  fragilitas  ossium  into  two  groups:  (1)  symp- 
tomatic fragility,  in  which  fragility  is  clue  lo  one  of  various  know^n 
pathologic    processes,    as    rickets,    old    age,    osteomyelitis,    tuberculosis, 


Fig.  6. — Fracture   of   the   left    radius    in    its   upper   tliinl    at   ,i   years. 

tabes,  syringomyelia,  paralysis,  malignant  disease,  bone  cysts  or 
ecchinococcus  cysts,  and  (2)  "idiopathic  fragility."  which  is  identical 
with  osteogenesis  imperfecta.  O.stheimer  describes  two  types  of  cases : 
(1)  the  fetal  type  found  either  at  birth  or  shortly  thereafter,  with 
imperfect  bone  formation  and  multii)le  fractures  (imperfect  osteo- 
genesis  or   periosteal    dysplasia).      Frequently   these    patients   do   not 


14.  Nichols,  E.  H.,  in   Keen:   Surgery:     Its   Principles  and   Practice,   Phila- 
delphia, W.  B.  Saunders  Company  2:56,  1914. 
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sur\ive  after  the  first  year.  (2)  The  congenital  type  found  in  infants 
and  children,  at  birth  or  later,  with  fractures  recurring  often  until 
puberty  or  even  adult  life,  associated  with  similar  bone  changes  (idio- 
pathic osteopsathyrosis).  These  patients,  with  care,  will  survive  but 
are  often  badly  crippled.  Locke  '■''  adds  a  third,  the  adult  form, 
encountered  as  an  idiopathic  fragility  of  the  bones  after  childhood. 


Fig.  7. — Fracture  of  the  left  radius   iu   its   lower  third  at  4  years. 
ETIOLOGY 

No  definite  etiology  for  osteopsathyrosis  has  been  determined.  It 
occurs  about  equally  in  males  and  females.  The  hereditary  factor  has 
been  recognized  by  many  writers,"'  and  the  incidence  of  osteopsathy- 


15.  Locke,  E.  A.:  Oxford  Medicine,  New  York,  Oxford  University  Press 
4:452,  1921. 

16.  Conard,  IT.  S.,  and  Davenport,  C.  B. :  Hereditary  Fragility  of  Bone,  Bull. 
14,  Eugenics  Record  Office,  Cold  Spring  Harlior,  N.  Y.,  November,  1915. 
(Includes  a  complete  bibliography.) 
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rosis  in  persons  with  blue  sclerae  is  sufficiently  higli  to  suggest  that 
there  is  a  definite  relation  between  the  two  conditions. 

The  principal  theories  advanced  as  to  the  etiology  are:  (1) 
The  disease  is  an  aflfection  of  some  central  organ  (osteotrophic  organ) 
which  furnishes  some  substance  necessary  for  the  normal  formation  and 
nutrition  of  bones;"  (2)  the  disease  is  of  nervous  origin,'"  and  (3)  it 
is  due  to  some  disturbance  of  nutrition  affecting  the  entire  bone  system 
during  fetal  life." 


Fig.  8. — Fracture  of  tlie   right   humerus  at  4  years  and   5   months. 
PATHOLOGY 

The  disease  apparently  affects  only  the  bones,  as  no  constant 
pathologic  condition  has  been  found  elsewhere  in  the  body. 

Growth  of  the  bones  in  length  usually  proceeds  normally,  but  the 
bones  may  appear  to  be  much  shortened  because  of  bowing  and  angula- 
tion resulting  from  fractures.     There  is  no  constant  gross  deformity. 


17.  Biggs,  M.  H.:     Univ.  Penn.  M.  Bull.  15:488.   I9O2-150.V 

18.  Harbitz,  F. :     Beitr.  z.  path.  Anat.  u.  ?..  allg.  Path.  30:605.   1501. 
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111  siiiiie  cases,  the  bones  have  been  described  as  being  thin  and  delicate ; 
bin  in  many  cases  (as  in  the  case  described  herewith),  the  bones  appear 
to  1)c  pr(i]j()rti()nc<l  normally.  The  extent  of  deformity  usually  depends 
on  tile  minibcr  of  fractures  previously  sustained,  although  (as  cited 
above)  there  is  often  an  intrinsic  bowing  of  the  long  bones,  entirely 
independent  of  traumatic  deformities.'  This  bowing  is  usually  not  so 
pronounced  as  that  of  rickets,  and  is  ccmtined  to  the  diaphysis,  in  con- 
trast to  the  epiphyseal  deformities  in  rickets. 


Fig.  9. — Fracture  of   the   right   clavicle   at  5   vears. 


The  skull  is  usually  normal  in  size  and  shape  in  the  tilder  cases.  In 
the  early,  fetal  cases,  the  skull  may  be  only  a  membranous  sac  with 
islands  of  calcification. 

Microscopically,  the  bone  usually  shows  a  cortex  which  is  thin  and 
friable  with  occasional  islands  of  cartilage.  Trabeculae  are  often 
imperfectly  formed  or  absent.  Nichols  "  says  that  instead  of  osteoblasts 
depositing  new  bone  on  a  cartilaginous  matrix,  tlie  trabeculae  are 
formed  by  calcification  of  cartilage  cells.  The  dense  bone  formed  is 
nonlaminated  or  imperfectly  laminated,  with  no  haversian  canals  but 
with  large  marrow  spaces  in  which  there  are  few  trabeculae.  The 
formation  of  periosteal  b(inc  is  also  abnormal  and  incomplete.  Several 
writers  have  called  attention  to  the   fact   that  in  this  disease  there  is 
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increased  absorption  of  bone  but  very  scant  bone  ])r(iliferatinn.  Tlicre 
is  a  difference  of  opinion  concerning  the  relative  anmunl  df  calcium 
salts  ])resent,  it  not  being  definitely  determined  that  there  is  a  lack  of 
calcium  in  patients  with  osteopsathyrosis. 


Fig.  10. — Marked  anterior  bowing  and  thickening  of  the  niidportion  of  the 
diaphyses  of  the  bones  of  the  lower  leg  at  the  time  of  fracture  of  the  humerus, 
shown  in  Figure  9. 
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Aside  from  the  tendency  toward  frequent  fractures,  there  are  prac- 
tically no  constant  symptoms. 

In  .some  of  the  earlier  cases,  the  apjiearance  of  the  patients  conforms 
more  or  less  to  type.     They  have  a  relatively  large  head,  small  chest, 


Fig.    11. — Fracture   of  both   bones   of  tlie   left   forearm   at  7 


Fig.   12.— Refracture  of  tlie  left  radiius  at  7  years  and  3  months,  at  the  site 
of  the   previous    fracture. 
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and  a  protuberant  aljclomen.  The  later  cases,  however,  may  show  no 
recognizable  peculiarities  of  form. 

As  has  already  been  mentioned,  in  some  patients  there  is  a  dark  blue 
tint  in  the  sclerae,  which  is  said  to  be  due  to  deficiency  of  the  sclerotic 
fibrous  tissue,  allowing  the  pigment  of  the  choroid  to  show  through. 

Character  of  the  Fractures. — As  the  name  suggests,  the  most  char- 
acteristic symptom  of  the  (!i>ea>e  is  the  exlrcnie  brittleness  of  the  bones 


Fig.   13. — Characteristic   deformity   of  the  bones  of  the   arm.  three   months 
before  the  patient's  death. 

and  the  ease  with  which  fractures  are  sustained.  The  trauma  is  usually 
slight,  and  very  often  the  signs  of  fracture  are  meager.  Instances 
have  been  cited  in  which  even  the  most  careful  handling  of  diseased 
infants  or  children  caused  fractures,  and  in  other  cases  a  mere  hand- 
shake has  been  enough  to  break  the  forearm.  Very  little  pain,  tenderness 
or  swelling  is  attendant  on  these  fractures,  mobility  or  deformity  often 
being  the  only   sign    founrl.     Frequently  tlie  child   will   show   nothing 
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more  than  unwillingness  to  use  the  afFected  arm  or  leg.  The  tendency 
to  fracture  is  bilateral,  and  both  sides  of  the  body  are  usually  aftected 
sooner  or  later.  The  long  bones  of  the  extremities,  the  clavicles  and  the 
ribs  are  the  most  common  seats  of  fracture ;  but  the  other  bones  of  the 


Fig.    14. — Characteristic   deformity  of   the    femurs,   three   montlis   before  the 
patient's  death. 

body  are  occasionally  involved.  The  femur  is  the  one  bone  most  com- 
monly broken  in  osteopsathyrosis  (Locke).  I'racture  of  the  skull  is 
comparatively  rare. 

Kienhock  states  that  the  periosteum  is  rarely  ruptured.     The  callus 
forms  in  the  ustial  way  and  is  variable  in  amount.     It  is  generally  said 
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that  these  fractures  unite  more  readily  than  those  in  normal  bone,  but 
Kienbock  asserts  that  the  healing  may  not  be  complete  for  several 
months.  In  support  of  his  contention  may  be  mentioned  the  fact  that 
refracture  occasionally  occurs  at  the  site  of  previous  injury,  several 
months  after  union  is  thought  to  be  comi)lete.  Such  an  instance  is  cited 
in  the  case  described  herewith.  Certainly  mo.st  of  the  fractures  in  this 
case  were  followed  by  ajiparenily  firm  union  in  shorter  time  than  that 


Fig.    15. — Characteristic    deformity    of    tlie    linne.'i    of   tlie    leg.   three    months 
before  the  patient's   death. 

required  for  most  normal  bones.  Kienbock  also  asserts  that  the  callus 
may  be  considerably  hypcrtrophied,  an  instance  of  which  peculiarity 
was  noted  above,  following  one  of  the  early  femur  fractures  ( Fig.  4  B). 
The  number  of  fractures  varies  greatly,  but  few  patients  have  less 
than  ten.     Terry  '"  reports  the  case  of  a  man,  aged  42.  with  more  than 


19.  Terry.  \V. 
1918. 


I.:     Hereditary  Osteopsathyrosis.  .Vnn.   Surp.  68:2.^1    (.Aug.) 
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si.\t\-  fractures.  Alixsell  records  the  case  of  Cliaussier  with  ll.i  frac- 
tures. According  to  Emerson,-"  the  tendency  to  fra,i;ihi_\'  is  lost  if  the 
])atienl  h\es  lo  be  30;  but  he  mentions  one  case  in  which  the  disease 
continued  to  the  seventieth  year. 

Rociitgcji-Kay  Appearances. — Locke  '''  has  admiraljly  summarized 
the  roentgen-ray  findings  noted  by  various  authors,  as  follows  :  "  ( 1 ) 
a  high  degree  of  osteoporosis  uniformly  affecting  the  entire  skeleton, 


Fig.    16. — -\ppearance   nf   the   chest  of   tlie   patient,   three   months   before   his 
death. 


the  variations  in  density  giving  a  mottled  appearance :  ( 2 )  marked 
deformities  of  the  long  bones  of  the  extremities,  usually  of  the  angular 
type,  due  to  fractures,  rarely  also  some  actual  bowing;  (3)  apparently 
normal  size  and  shape  of  bones,  except  as  altered  by  fractures 
and    resulting    callus    formation;    (4)    often    excess    callus    formation 


20.  Emerson,  C.  P.,  in  Osier  and  McCrea :     System  of  Medicine,  New  York, 
Oxford  University  Press  6:723,  1909. 
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witli  variable  <legTee  of  calcilication.  A  transverse  line  of  decalci- 
fication is  often  seen  at  tlie  point  of  ])revious  fracture:  (5)  the  epi- 
physeal line  is  straight,  cartilage  is  always  thin ;  (6)  a  very  faint  shadow 
is  given  by  all  the  bones,  frequently  scarcely  more  dense  than  that  of  the 
surrounding  soft  parts;  (7)  the  cortex  is  thin,  irregular  and  deficient 
in  salts:  (8)  the  spongiosa  of  both  epiphysis  and  diajihysis  is  extremely 
faint  with  entire  absence  of  normal  markings:  (9)  tiie  niedultarv  cavity 


Fig.  17. — .Appearance  of  the  skull  of  the  patient,  three  niontlis  before  his 
death. 

is  very  irregular  in  outline  and  dilated."  These  changes  are  consider- 
ably less  marked  in  some  of  the  milder  cases,  such  as  the  one 
described  above. 

Metabolism. — Several  interesting  metabolic  studies  on  patients  with 
osteopsathyrosis  have  been  made  within  the  last  few  years.  While  these 
studies   have  not   been   conclusive,  they   have   suggested   that   calcium 
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nietaliuliMii  may  have  simie  hearing  on  this  type  of  hone  fragility,  as 
well  as  on  the  deformities  of  rickets.  They  have  also  suggested  a 
method  of  treatment  which  may  prove  to  be  helpful. 

Bookman  -'  reported  studies  on  a  man,  aged  27.  with  osteopsathv- 
rosis,  who  had  a  healed  fracture,  five  weeks  before  the  time  of  the 
experiment.  He  found  in  this  jiatient  a  markedlv  negative  calcium 
balance  (loss  of  0.019  gm.  of  calcium  monoxid  per  kilogram  of  body 


Fig.  18. — Fracture  of  the  right  humerus  at  7  years  and  6  months.  On 
comparing  this  illustration  with  Figure  8,  it  will  be  noted  that  the  cortex  of 
the  diaphysis  is  relatively  thinner  than  it  was  at  the  time  the  earlier  roent- 
genogram  was   taken. 


weight),  and  likens  his  to  similar  finilings  in  osteomalacia.  The  nega- 
tive balance  is  explained  by  the  fact  that  in  both  conditions  calcium  from 
the  already  formed  bone  is  being  liberated  and  thrown  nut  of  the 
system. 


21.  Bookman.  A.:    The  Metabolism  in  a  Case  of 
Arch.  Int.  Med.  8:675  CSov.)   1911. 


liopathic  Osteopsathyrosis, 
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Schwarz  and  Bass '  studied  the  metabolism  of  a  7  months  old  infant 
with  osteogenesis  imperfecta,  who  had  had  no  fractures  subsequent  to 
the  fourth  day  after  birth.  They  found  a  practically  normal,  or  positive, 
calcium  balance  (with  retention  of  0.109  gni.). 


[   /IB/     n 

1! 


Fig.    19. — .Appearance   of    patient   at    7   years   and    .3   months. 


Bamberg  and  Muldschinsky's  *  case  showed  a  variation  from  a  loss 
of  0.019  to  a  gain  of  0.136  gm..  the  latter  figure  being  obtained  while 
the  patient  was  under  treatment  with  cod  liver  oil  and  phosphorus. 

Bookman,'  in  his  studies  on  a  3  months  old  infant  with  osteogenesis 
imperfecta,  also  found  a  low  calcium  retention,  which,  however,  varied 
with  the  course  of  the  disease.     He  also  found  that  the  deficient  reten- 
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tioii  of  calriuni  was  favorably  influenced  by  tbe  administration  of  cod 
liver  oil  and  pbosphorus,  and  still  more  by  calcium  lactate.  He  believes 
that  the  similar  results  obtained  in  rickets  suggest  an  etiologic  relation- 
ship to  osteopsathyrosis. 

Ruggeri  ^°  studied  the  metabolism  in  a  girl  of  13,  with  a  history  of 
twelve  fractures.  He  found  that  she  had  a  daily  high  deficit  in  the 
phosphorus,  calcium  and  magnesium  balance.  This  balance  was 
improved  for  a  short  time  by  the  administration  of  thymus  and 
suprarenal  extracts,  but  gradually  the  condition  returned  to  its  original 
status  within  a  few  months. 

PROGNOSIS 

The  outlook  in  cases  of  osteopsathyrosis  is  poor,  in  spite  of  the  fact 
that  a  few  patients  have  grown  to  adult  life,  apparently  overcoming  the 
bone  fragility  from  which  they  suffered  in  earlier  years.  Most  of  the 
patients  that  survive  are  deformed  by  earlier  fractures.  Few  fractures 
occur  after  the  patient  is  in  the  early  twenties,  and  after  that  time  the 
prognosis  is  fairly  good.  Below  that  age,  however,  the  mortality  is 
high.  The  mortality  is  almost  100  per  cent,  in  the  fetal  type,  the 
majority  dying  in  utero. 

DIAGNOSIS 

The  diagnosis  is  usually  perfectly  clear,  because  there  is  no  other 
congenital  disease  in  which  multiple  fractures  occur.  Rickets  and 
syphilis  occasionally  cause  fractures  in  young  children ;  but  rarely  more 
than  two  or  three  fractures  occur  in  the  same  person  as  a  result  of 
these  affections. 

TREATMENT 

The  fractures  are  treated  in  the  usual  way,  great  care  being  taken 
to  prevent  distressing  deformities,  by  preserving  good  alinement. 

The  metabolic  studies  already  mentioned  would  point  to  the  efficacy 
of  cod  liver  oil  and  phosphorus,  and  in  some  cases  they  have  seemed 
beneficial.  Hess  *  uses  a  dose  of  4  c.c,  twice  daily,  of  either  of  the 
following  preparations:  phosphorus,  0.01  gm.,  and  cod  liver  oil,  60  c.c, 
or  pure  tribasic  calcium  phosphate,  6  gm.,  and  cod  liver  oil,  60  c.c. 
Czerny  ^^  reports  benefit  from  the  use  of  100  gm.  daily  of  raw  carrot 
juice,  on  the  theory  that  osteopsathyrosis  is  an  avitaminosis. 

Care  of  the  patient  to  prevent  fractures  is  the  most  important  single 
factor  in  the  treatment  of  osteopsathyrosis. 


22.  Czerny,     A.:      Ber!.     klin.     Wchnsclir.     61:,)10,     191Q ;     Deiitsch.     med. 
Wchnschr.  45:259,  289   (March  6)    1919. 
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LeROY    C.    ABBOTT,    M.D. 
Assistant    Professor   of   Surgery,   University   of   Michigan    Medical    School 

ANN    ARBOR,    MU  11. 

Delayed  union  is  a  common  complication  in  fractures  of  both  bones 
of  the  leg,  especially  those  in  the  lower  third.  The  term  will  be  here 
used  to  describe  those  cases  in  which  there  are  movement  between  the 
fragments  and  tenderness  at  the  site  of  fracture,  and  in  which  the 
roentgenograms  reveal  open  medullary  cavities  and  little  or  no  callus 
formation.     Pseudarthrosis  has  not  developed  in  these  cases. 

The  treatment  for  delayed  union  has  very  generally  been  direct 
fixation  of  the  broken  ends  by  metal  inserts  or  bone  grafts.  These 
methods  may  succeed ;  but  in  too  many  instances  they  have  failed 
because  a  long  period  of  immobilization  has  produced  atrophic  and 
poorly  nourished  fragments — conditions  unfavorable  to  the  production 
of  callus  or  the  proliferation  of  a  bone  graft.  The  patient  has  also  been 
subjected  to  all  the  risks  of  a  major  operation,  including  the  danger 
of  sepsis.  The  clinical  picture  of  these  cases  is  characteristic,  a  withered 
limb  and  stiffness  of  the  joints — both  evidence  of  poor  circulation  and 
deficient  nutrition. 

The  reverse  of  this  picture  may  be  produced  by  the  substitution  of 
a  method  that  not  only  is  simpler  but  also  embodies  a  principle  funda- 
mental to  the  growth  of  bone — provision  for  the  mechanical  stimulation 
of  the  fragments. 

Experience  in  the  treatment  of  these  cases  has  shown  that  this 
stimulus  may  be  best  supplied  by  active  use  of  the  limb  in  weight 
bearing,  which  not  only  improves  the  impaired  circulation  but  stimu- 
lates the  osteoblasts,  with  resulting  production  of  callus.  To  allow  such 
use  of  the  limb  in  weight  bearing,  some  apparatus  is  necessary  which 
will  prevent  further  displacement  of  the  fragments  and  at  the  same 
time  permit  free  circulation  in  the  limb  and  active  use  of  the  muscles 
and  joints.  The  Delbet  ambulatory  splint  has  proved  a  simple  and 
efficient  appliance  in  meeting  these  requirements.' 

DESCRIPTION"     OF     THE     DELBET     AMBULATORY     SPLINT 

The  apparatus  consists  of  lateral,  molded  plaster-of-Paris  splints 
reaching  from  the  knee  to  the  junction  of  the  skin  of  the  sole  with  that 


1.  Mocquot.  Pierre,  and  Caraven,  J.:    La  marche  directe  dans  les  fractures 
de  jambe.  Rev.  de  chir.  40:601.  1909. 
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of  the  n])])er  ])art  of  the  foot.  Two  molded  plaster  bands  are  passed 
about  the  lateral  splints,  one  just  below  the  knee,  the  other  just  above 
the  malleoli.  These  bands  bear,  and  cause  the  lateral  splints  to  bear, 
against  the  tuberosity  of  the  tibia  and  the  head  of  the  fibula  above  and 
against  the  malleoli  below,  thus  preserving  the  length  of  the  leg 
(Fig.  1). 
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Fig.  1. — Method  of  cuttint;  strips  of  criiujliiu'  to  makt-  the  plaster  bands  for 
the  Delbet  ambulatory  splint  for  fracture  of  the  tibia  and  fibula:  A,  upper 
band ;  B,  lower  malleolar  band ;  C  and  D,  lateral  bands  with  folds  10  cm.  long 
at  the  inferior  extremity,  and  E.  lower  band  for  the  malleoli,  with  notch  cut 
in  the  heel  piece   for  the  heel   (from  Leriche). 


.\PPLIC.\TIOX     OF     THE     APP.^R.ATUS 

The  apparatus  is  applied  directly  to  the  shaved  and  greased  skin.  The 
two  lateral  molds  are  applied  to  the  leg  and  held  by  assistants  while  the 
operator  anchors  them  with  the  circular  cufYs,  one  about  the  tuberosity 
of  the  tibia  and  the  upper  end  of  the  fibula,  the  other  just  above  the 
malleoli.  The  plaster  is  then  carefully  molded  to  the  leg,  especially 
about  the  tuberosity  of  the  tibia  anfl  the  malleoli.     It  is  very  essential 
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that  tlie  plaster  be  smooth  in  order  to  prevent  irritation  of  the  skin  and 
the  formation  of  pressure  sores.  A  snug  bandage  is  appHed  until  the 
plaster  has  set.  Figures  2  and  3  are  front  and  side  views  of  the  Delbet 
splint  applied. 

.•\t  first  the  patient  is  allowed  to  w.ilk  using  crutches,  ]XTmitting 
onh-  partial   weight  bearing.     As  soon  as  he  has  become  accustomed 


yU^ 


Fig.  2. — Anterior  view  of  Delbet  walking  plaster. 
Fig.  3. — Lateral  view  of  Delbet  walking  pla.stcr. 

to  the  apparatu>.  the  crutches  are  discarded  and  a  cane  substituted. 
In  from  a  few  days  to  a  week,  the  patient  is  walking  with  no  other 
support  than  that  provided  by  the  splint.  It  is  essential  that  the  patient 
be  under  close  observation  for  at  least  the  first  few  weeks  of  treatment 
to  guard  against  undue  j)ressure  on  the  malleoli  or  tuberosities.  It  is 
a  good  practice  to  change  the  splint  once  a  month  in  order  to  care  for 
the  skin  and  to  determine  the  position  of  th^  fragments  and  the  amount 
of  union.  Roentgenograms  are  taken  once  in  six  weeks  to  observe  the 
callus  ()roduction. 


Fig.  4  (Case  1). — Umniited  fracture  of  four  months'  duration,  sliowing  no  callus. 


I'"ig.  5   (Case  1). — Marked   increase  in  callus,  three   n.onths  after  ap|)lic;Uion 
of   Dclbet   splint. 
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The  results  obtained  have  convinced  us  that  cases  of  ununited  frac- 
ture of  both  bones  of  the  leg  of  several  months'  standing  should  be 
treated  by  some  form  of  weight -bearing  appliance,  preferably  the  Delbet 
splint.  It  has  enabled  us  to  avoid  operatior.s  in  a  number  of  instances. 
Case  1  is  a  good  example  of  a  very  satisfactory  result.  This  patient 
entered  the  hos])ital  with  an  ununited  fracture  of  both  bones  of  the  leg, 
of    four    moiilhs'    duration.      Previous    treatment    had    liecn    reduction 


|jk 


Fig.  6   (Case  1). — Eml-rcsiilt,  .showiiin  consolidation  of  callus 


followed  by  fi.xation  in  a  ])laster-of-I'aris  ca.st  for  a  period  of  three 
months.  The  position  of  the  fragments  and  the  amount  of  callus,  four 
months  after  injury,  are  shown  in  Figure  4.  The  leg  was  put  in  the 
Delbet  splint  for  a  period  of  three  months,  when  union  was  firm. 
The  amount  of  callus  is  shown  in  Figure  5.  Figure  6,  taken  five  months 
later,  shows  complete  consolidation  of  the  callus.  Four  months  after 
admission,  the  patient  was  working  as  a  hospital  orderly  without  a 
splint  and  with  free  motion  in  the  knee  and  ankle  joints. 
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That  iliis  iiictlidd  has  proved  successful  when  nperatiiin  witli  ])laling 
has  failed  is  illustrated  by  Case  2  (Figs.  7,  8.  9  and  10).  Three  months 
after  ajjplii'atinn  nf  the  ])late  at  another  Imsiiital,  there  was  ncj  union. 
Two  and  une-hall  luonths  after  the  application  of  the  Delhet  splint, 
union  was  linn  and  the  roentgenograms  revealed  a  detinite  pniductiun 
of  callus. 


Fig.    7    (Case  2). — A,    fracture   with   overriding   of    fragments;    B;    fracture, 
three  months  after  operation,  showing  no  callus. 


Satisfactorv  results  have  also  heeti  obtained  in  cases  in  which  o[)era- 
tions  had  been  performed  either  with  or  witlidUt  bone  grafts,  the 
operation  being  followed  by  sepsis  and  osteomyelitis.  Cases  3  and  4 
are  examples  of  this  type.  It  is  well  known  that  luild  infection  of  bone 
will  often  stimulate  callus  Idrniation;  but  in  these  cases,  two  months  of 
fixation  in  a  satisfactory  position  failed  to  produce  iiniini.     The  use  of 
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the  Delbel  splint  for  a  period  of  from  four  to  five  nionllis  resulted  in 
union.  The  progressive  formation  of  callus  is  shown  in  Figure  11 
(Case  3)  and  in  Figures  12,  13  and  14  (Case  4). 

RKPORT     (JK     CASES 
Case  1. — A  teamster,  aged  45,  April   5,   1920.  was  struck  by  a  log,  causing 
fracture  of  both  bones  of  the  right  leg  at  the  middle  third.    The  treatment  con- 
sisted  of  reduction  of  the   fracture   and   immoliilizatioii    Icir   a   period   of   three 


Fig.  8  (Case  2). — Callus  forming,  one  month  alter  applicatiun    ji   Ixilct  splint. 

months.  At  the  end  of  that  time,  he  was  unable  to  bear  weight  on  the  leg 
because  of  weakness  and  pain  at  the  site  of  fracture.  He  entered  the  Uni- 
versity Hospital,  .^ug.  4,  1920. 

Examination  revealed  an  ununited  fracture  of  both  bones  at  the  middle 
third  of  the  leg;  motion  with  pain  at  the  site  of  fracture  of  the  tibia  and 
three-fourths  inch  (1.9  cm.)  shortening.  The  ankle  joint  was  swollen  and 
motion  was  limited.  He  was  unable  to  bear  weight  on  the  leg  because  of 
pain.    The  Wassermann  reaction  was  negative.     The  roentgenogram   (Fig.  4), 
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taken  Aug.  5.  1920,  demonstrated  an  oblique  fracture  of  the  tiliia  with  dis- 
placement and  overriding,  of  the  fragments,  double  fracture  of  the  fibula  and 
little  callus  formation. 

Aug.  9,  1920,  a  Delbet  splint  was  applied  and  weiglit  l)earing  begun.  Limited 
motion  of  the  ankle  joint  caused  some  pain  on  walking. 

Sept.  21,  1920,  the  Delbet  splint  was  removed.  There  was  only  slight  motion 
between  the  fragments.  A  new  Delbet  splint  was  applied.  The  patient  walked 
witliciut  otiier  support. 


Fig.  9  (Case  2). — Increase  in  callus,  two  months  after  application  of  Delbet  splint. 


Nov.  9,  1920,  union  was  firm.  Figure  5  shows  the  very  decided  increase  in 
the  amount  of  callus.  The  patient  is  working  as  an  orderly  in  the  hospital 
with  no  supportive  apparatus.  The  ankle  joint  is  only  slightly  limited  in 
motion.  A  roentgenogram  (Fig.  6),  taken  April  22,  1921,  showed  complete 
consolidation  of  the  callus. 

Case  2. — A  lumberman,  aged  48,  April  21,  1920,  sustained  a  fracture  of  both 
bones  of  the  leg  at  the  junction  of  the  upper  and  middle  thirds.  Figure  7  A 
shows  the  position  of  the  bones,  with  marked  overriding  of  the  fragments. 
Operation  was  performed  April  30,  1920.  The  fragments  of  the  tibia  were  cut 
off,  the  ends  apposed  and  a  Lane  plate  applied,  I  saw  the  patient  first,  July 
16,   1920.     He  was   wearing  a  plaster   cast   and   using   crutches   without   weight 
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bearing.  Examination  revealed  good  alincmcnt  of  the  fragments,  tenderness 
and  motion,  with  pain  at  the  site  of  fracture.  The  roentgenogram  (Fig.  7  B), 
taken  July  16.  1920.  revealed  perfect  approximation  of  the  fragments,  but  no 
evidence  of  utiion. 

Aug.  15,  1920,  a  Delbet  splint  was  applied. 

Sept.  18.  1920.  the  Delbet  splint  was  removed.  Figure  8  shows  the  increase 
in  callus  formation. 


Fig.   10   (Case  2). — Complete  consolidation,   four  and  one-half   months  after 
application  of  the  Delbet  splint. 


Oct.  \3.  1920.  union  was  firm  clinically,  and  the  roentgenogram  (Fig.  9). 
taken  Oct.  13,  1920.  shows  the  amount  of  callus  formed  after  wearing  the  Delbet 
splint  for  two  months. 

Dec.  14,  1920,  all  apparatus  was  removed.  Union  was  firm,  and  the  ankle 
was  only  slightly  limited   in  dorsiflexion. 

Jan.  5.  1921.  a  roentgenogram  (Fig.  10)  revealed  complete  con.solidation  of 
the  callus,  four  and  one-half  months  after  the  application  of  the  Delbet  splint. 
There  is  a  permanent  shortening  of  IVi  inches  (3.8  cm.),  causing  the  patient 
to  limp  slightly.  The  plate  was  removed,  Jan.  6,  1921.  The  wound  healed  by 
first  intention. 
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Case  3. — llislory. — A  man,  aged  42,  May  28,  1920,  sustained  a  fracture  of 
both  bones  of  the  leg  in  an  automobile  accident.  The  fracture  was  reduced;  a 
plaster-of-Paris  cast  was  applied  and  maintained  for  a  period  of  fourteen  weeks. 
The  plaster  was  then  removed,  and,  as  no  evidence  of  union  was  found,  the 
patient  was  operated  on  and  a  bone  graft  inserted.  The  leg  was  then  fixed  in 
plaster-of-Paris  for  a  period  of  seven  weeks.  Aliout  four  rnonths  after  the 
injury,  all  fixation  was  removed.  Dec.  29.  1920,  the  patient  was  sent  to  the 
University  Hospital  for  treattnent  of  nonunion. 


Fig.  11  i(  asc  ,ii. — A.  ununited  fracture  of  seven  months'  standing,  showing 
evidence  of  fragments  of  bone  graft;  B,  callus  bridging  fragments,  four  months 
after  application  of  Delbet  splint;  C,  end-result  with  union,  seven  months  after 
application  of  Delbet  splint. 


Exiunination. — There  was  a  linear  scar  over  the  internal  aspect  of  the  tibia 
of  the  left  leg — site  of  the  previous  operation  — and  an  ununited  fracture  of  the 
tibia  at  the  junction  of  the  middle  and  lower  thirds  of  the  leg,  free  motion 
between  the  fragments  with  pain,  and  1  inch  (2.5  cm.)  shortening.  The  roent- 
genogram (Fig.  11),  taken  Dec.  30,  1920,  shows  a  fracture  of  both  the  tibia 
and  fibula,  with  eburnation  of  the  ends  and  some  callus  formation.  Extending 
into  the  medullary  canal  of  the  proximal  and  distal  fragments  of  the  tibia  is 
an  old  graft,  with  no  union  of  either  bone. 

n'utqiiosis. — Pseudarthrosis  of  the  tibia  and   hlnda. 
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Operation. — Jan.  7,  1921.  the  ends  of  the  fragments  were  freed  and  the  scle- 
rotic bone  and  old  graft  were  removed.  A  new  graft  was  cut  in  the  form  of 
a  truncated  cone  and  wedged  across  between  the  upper  and  lower  fragments 
(after  the  method  of  Gallic).  Periosteal  grafts  were  then  taken  from  the 
opposite  leg  and  strips  were  placed  on  three  sides  of  the  tibia.  During  the 
application  of  the  plaster,  an  assistant  twisted  the  foot  and,  it  was  feared  at 
that  time,  displaced  the  graft. 


Fig.  12  (Case  4). — A.  fracture  with  nonunion  and  marked  internal  bowing; 
B,  lateral  view. 

Course. — Jan.  10,  1921,  the  plaster  was  split  and  the  wound  inspected.  The 
graft  was  found  to  be  displaced  and  to  be  sloughing  its  way  through  the  skin. 
The  removal  of  the  graft  was  followed  by  sepsis.  The  plaster  was  therefore 
removed  and  a  splint  applied,  holding  the  leg  in  good  position  and  allowing 
for  dressings. 

Feb.  25,  1921,  the  sepsis  had  cleared  up  and  the  wound  was  granulating. 
There  was  no  evidence  of  union.  A  Delbet  walking  splint  was  applied  and 
the  patient  was  encouraged   i<i  walk 
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April  12,  1921.  the  patient  had  been  walking  with  the  Delbet  splint  for  about 
six  weeks.  There  was  still  motion  between  the  fragments  but  it  was  not  nearly 
so  marked  as  before  application  of  the  Delbet  splint.  The  patient  was  seen 
again,  June  13,  1921,  and  the  roentgenogram  of  the  same  date  (Fig.  11  5) 
revealed  definite  production  of  callus  between  the  fragments  of  both  the  tibia 
and  fibula.     Clinically,  the  union  was  quite  firm. 

Sept.  20,  1921,  the  roentgenograin  (Fig.  11  C)  demonstrated  bony  union.  The 
patient  walked  witliout  any  support  and  did  not  complain  of  any  pain.  His 
only  symptom  was  a  feeling  of  weakness  and  slight  limitation  of  motion  in 
the  ankle. 


Fig.   13   (Case  4). — Mmtismg  operation. 


Case  4. — History. — A  man,  aged  3i.  one  year  previously  had  been  in  an 
automobile  wreck  in  which  he  sustained  a  compound  fracture  of  the  right 
tibia  and  fibula.  The  fracture  was  reduced  and  fixed  in  plaster  for  a  period 
of  seven  weeks.  Operation  was  then  performed,  the  ends  of  the  fragments 
being  freshened  but  no  internal  fi.\ation  was  used.  A  plaster-of-Paris  cast 
was  worn  for  three  months  subsequently.    On  removal  there  was  motion  between 
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the  fragments.  The  patient  had  tried  all  sorts  of  treatment  and  supports  of 
various  kinds,  but  nonunion  had  been  the  resuh  and  in  addition  there  was 
pronounced  inward  bowing  at   the  site  of   fracture. 

Examination. — Dec.  1,  1920,  there  was  a  scar,  4  inches  (10  cm.)  long,  over 
the  mesial  surface  of  the  tibia,  with  pronounced  inward  bowing  at  the  site  of 
fracture.  There  was  motion  between  the  fragments  without  pain,  one-half 
inch  (1.2  cm.)  atrophy  of  the  calf  and  1  inch  (2.5  cm.)  shortening  of  the 
leg.  The  roentgenogram  (Fig.  12),  taken  Dec.  2,  1920,  revealed  a  simple  trans- 
verse fracture  between  the  middle  and  lower  thirds  of  the  tiliia.   with  marked 


Fig.    14    (Case   4). — Callus    uniting   all    four    fragments,    four   and   one-half 
months  after  application  of  the  Delbet  splint. 


sclerosis  of  the  ends  of  the  fragments  and  inward  angulation  of  about  .30  degrees. 
There  was  a  space  still  present  between  the  ends  of  the  tibia  and  tibula.  The 
diagnosis  was  pseudarthrosis. 

Operation. — Dec.  8,  1920,  the  ends  of  the  fragments  were  freed,  a  mortise 
was  made  and  held  by  beef  bone  pegs.  Figure  13  is  a  reproduction  of  a  roent- 
genogram taken   shortly  after  operation. 
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Course. — Dec.  20,  WO,  ilu'  suuires  were  removed.  There  was  no  evidence 
of  infection. 

Jan.  2,  1921,  at  the  upper  portion  of  llie  wound,  there  was  a  small  sinus 
discharging  a   thin    serous   materiah 

Jan.  11,  1921,  the  patient  had  had  a  rise  in  temperature,  witli  swelling  at 
the  site  of  operation  and  formation  of  an  ahscess. 

Jan.  12,  1921,  an  incision  was  made;  drainage  was  established  and  the  beef 
bone  pegs  were  removed.  From  this  time  until  the  middle  of  March,  dressings 
were  required  and  the  fragments  were  immol)ilized  in  a  satisfactory  position. 
March  17,  the  wound  was  granulating  and  there  was  free  motion  lietween  the 
fragments.  It  was  then  decided  to  try  to  stimulate  callus  formation  by  the 
use  of  a  Delbet  splint.     The  splint  was  applied  March  20. 

April  24,  1921,  the  Delbet  splint  was  removed.  There  was  definite  motion 
between  the  fragments,  but  there  was  not  the  freedom  of  motion  wliich  there 
had  been  before  the  Delbet  splint  was  applied. 

July  14,  1921,  the  patient  returned  and  the  Delbet  splint  was  reinoved. 
ExaiTiination  revealed  firm  union.  The  patient  had  been  walking  on  a  Delbet 
splint  for  about  four  months.  The  callus  formation  is  shown  in  Figure  14. 
The  patient  was  discharged  wearing  a  brace  to  prevent  any  recurrence  of  the 
deformity. 


BONE    ATROPHY:     A    CLINICAL    STUDY    OF     rUl'- 

CHANGES     IN     BONE    WHICH     RESULT 

FROM     NONUSE* 
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ST.    LOLMS 

L     Introduction : 

(1)  Summary  of  previous  experimental   study; 

(2)  Object  of  present  study. 
IL    Material   studied : 

(1)  Adults: 

(2)  Children. 

in.  Relation  lictwecn  changes  in  hone  as  a  result  of  lack 

of  use  and  the  cause  of  the  nonuse. 

IV.  Character  of  changes  in  adults. 

v.  Character  of  changes  during  period  of  growth, 

\'l.  Effect  of  nonuse  on  growth  of  hone. 

VII.  Eflfect  of  nonuse  on  regeneration  of  bone. 

VIII.  Recovery  from  bone  atrophy. 

IX.  Summary. 

I.     INTROllfCTION 

In  a  previous  expetHmental  study  of  the  atrophic  changes  in  bone 
which  follow  nonuse  of  an  extremity,  it  was  found  that  these  changes 
were  the  same  following  nerve  paralysis,  joint  injury  and  mechanic  fixa- 
tion of  the  extremity.  The  degree  of  atrophy  of  "the  bone  was  directly 
proportional  to  the  degree  of  nonuse,  regardless  of  the  experimental 
method  used  to  produce  nonuse.  Mechanical  fixation  produced  as 
rapidly  developing  and  as  marked  bone  atrophy  as  nonuse  due  to 
section  of  nerves  or  injury  to  joints. 

In  this  experimental  .study  it  was  found  that  nonuse  of  an  extremity 
of  an  adult  resulted  in  the  bones  of  this  extremity  becoming  lighter, 
more  fragile  and  more  permeable  to  the  roentgen  ray.  The  length  of 
the  bones  in  adults  was  unchanged.  The  diameter  of  the  shaft  of  the 
bone  was  slightly  diminished.  The  diameter  of  the  medullary  canal 
was  markedly  increased.  The  cortex  of  the  shaft  was  thus  diminished 
in  thickness.  The  trabeculae  of  the  spongy  bone  became  thinner,  and 
in  part  disappeared.  In  prolonged  nonu.se,  the  cortical  bone  of  the 
shaft  became  porous.  If  the  period  of  nonuse  of  an  extremity  was 
concurrent  with  the  period  of  growth  of  the  individual,  the  processes 
of  atrophy  and  growth  operated  together,  and  the  bones  of  the  nonused 
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extremity  showed  not  only  the  same  initial  changes  as  were  found  in 
the  hones  of  the  adults,  but  also  changes  which  w-ere  the  result  of  an 
inhibition  of  growth.  The  bones  were  relatively  shortened:  the 
diameter  of  the  shafts  was  diminished;  the  diameter  of  the  medullary 
canals  was  relatively  increased,  and  the  shape  of  the  bones  was  altered. 
The  power  of  regeneration,  the  chemical  composition  and  the  physical 
characteristics  of  bone  as  a  tissue  were  not  changed  by  nonuse. 

In  this  experimental  study,  the  conclusion  was  therefore  reached 
that  the  process  of  bone  atrophy  was  not  a  change  in  the  characteristics 
of  bone  as  a  substance  but  that  the  process  of  bone  atrophy  is  a  change 
in  the  amount  of  bone  present.  The  process  of  bone  atrophy  afTects 
the  size,  shape,  thickness,  length,  weight  and  texture  of  the  whole 
bone;  but  the  chemical  composition,  the  physical  characteristics  and 
the  regeneration  of  bone  are  not  changed.  Bone  atrophy  is  a  quantita- 
tive rather  than  a  qualitative  change. 

The  object  of  this  study  was  to  observe  the  changes  in  bone  which 
result  from  lack  of  use  of  extremities  in  various  clinical  conditions, 
and  to  compare  these  observations  with  those  made  on  experimental 
animals. 

II.     THE     M.-\TERI.'\L     STUDIED 

The  material  which  was  studied  consisted  of  the  following  groups 
of  cases:  (1)  poliomyelitis;  (2)  spastic  paralysis;  ( 3 ) peripheral  nerve 
injuries;  (4)  Friedreich's  ataxia;  (5)  pseudomuscular  atrophy;  (6) 
syringomyelia;  (7)  chronic  infectious  arthritis;  (8)  tuberculosis  of 
bone;  (9)  acute  pyogenic  osteomyelitis;  (TO)  ischemic  contracture; 
(11)    fracture;   (12)   congenital  deformities,  and    (13)   astasia  abasia. 

In  those  groups  in  which  a  large  number  of  persons  were  available, 
cases  were  selected  so  as  to  include  various  ages  and  periods  of  existence 
of  the  disabling  disease.  In  all  cases,  the  age,  the  duration  of  the 
disability  and  the  extent  of  the  disability  were  obtained.  When  the 
lack  of  use  was  unilateral,  the  bones  of  both  the  used  and  nonused 
extremities  were  studied.  The  bones  were  studied  by  means  of 
roentgen-ray  examination.  In  some  instances  the  bones  were  available 
for  gross  and  microscopic  study.  The  bones  were  studied  as  to  length, 
thickness,  diameter  of  the  medullary  canal,  thickness  of  the  cortex  of 
the  .shaft  and  the  number  and  thickness  of  the  trabeculae  of  the  cancel- 
lous bone.  In  children  the  epiphyseal  cartilages  were  compared  as  to 
regularity  and  thickness.  It  was.  of  course,  fully  realized  that  mea.sure- 
ments  of  bones  from  roentgenograms  is  at  best  not  accurate;  but 
great  care  was  taken  to  have  the  bones  as  nearly  as  possible  in  the  same 
position,  and  at  the  same  distance  from  the  tube  and  plate.  Thus  the 
measurements  were  accurate  for  com]Kirison. 

Changes  in  Bone  Resulting  from  Nojiiisc  in  Adults. — The  following 
examples  illustrate  the  changes  in  bone  in  adults  which  result  from 
lack  of  use: 
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Case  \.—Pcritlicral  iicnc  injury.  A  colored  man,  aged  26.  two  years  pre- 
viously had  caught  his  left  arm  in  a  belt  on  a  revolving  wheel,  foHowing  which 
there  was  complete  motor  and  sensory  paralysis  of  the  entire  left  forearm  and 
a  motor  paralysis  of  the  left  arm.  There  was  no  bone  injury.  Si.xteen  months 
previously  the  brachial  plexus  had  been  sutured.  Since  operation  there  had 
been  only  a  slight  recovery  from  the  motor  paralysis  of  the  arm,  and  no 
recovery  of  motion  in  the  forearm.  Sensation  was  completely  recovered  slowly 
in  the  entire  extremity.  Examination  revealed  marked  muscle  atrophy  of  the 
entire  extremitv  with  no  contractures. 


Fig.  1. — Roentgenogram  of  the  riglit  and  left  humerus  in  Case  1,  a  man, 
aged  26,  with  a  brachial  plexus  injury  of  two  years'  duration.  The  marked 
diminution  in  thickness  of  the  cortex  of  the  shaft  and  of  the  left  humerus,  and 
the  decreased  density  of  the  cancellous  bone  may  be  noted.  The  diameter  of 
the  medullary  canal  is  markedly  increased  and  the  entire  thickness  of  the  shaft 
is  slightly  decreased.  Compare  the  illustrations  with  the  measurements  recorded 
in  the  description  of  Case   1. 


Roentgenograms  of  both  humeri  were  studied.  The  right  humerus  appeared 
normal.  The  left  humerus  showed  marked  thinning  of  the  cancellous  bone 
of  its  extremities.  There  was  a  marked  increase  in  the  diameter  of  the  medul- 
lary canal  with  a  corresponding  thinning  of  the  cortical  bone  of  the  shaft. 
On  close  inspection  linear  striae  of  decreased  density  were  noted  in  the  cor- 
tical bone  of  the  shaft   fFig.  IK 
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Cask  2. — Spastic  paralysis.  A  man.  aged  6),  liad  an  apoplectic  stroke, 
thirteen  months  previously,  which  resulted  in  a  complete  right  hemiplegia. 
Three  months  after  onset,  he  was  able  to  walk.  There  had  been  a  gradual 
improvement  in  both  the  arm  and  leg.  He  was  able  to  walk  with  only  a  slight 
limp  at  the  time  of  examination.  The  right  hand,  however,  had  not  recovered 
to  the  point  of  usefulness.  There  was  a  moderate  flexion  contracture  of  the 
hand  and  wrist.  There  was  no  demonstrable  muscle  atrophy.  The  circum- 
ferences of  the  forearms  and  calves  were  equal  on  the  two  sides.  There  was 
voluntary  power  in  all  muscles  of  the  right  arm  and  forearm. 

Two  years  previously  the  patient  had  fractured  the  left  radius  near  the 
wrist  joint.     From  this  injury  there  was  a  prompt  and  complete  recovery. 

Roentgenograms  of  both  forearms  and  hands  were  studied.  There  was  a 
very  striking  difference  in  the  roentgenograms  of  the  two  hands.  All  of  the 
bones  of  the  right  hand  showed  marked  thinning  of  the  cortex  of  the  shafts 
due  to  increased  diameters  of  the  medullary  cavities.  The  trabeculae  of  the 
cancellous  bone  were  fewer  in  number  and  thinner.     The  shafts  of  the  bones 

TABLE  1. — Me.\surements  of  Boxes  in  Case  1 

Right,  Cm.  Left,  Cm. 

Length    32.0  32.0 

Dijiuieter  at  middle  of  shaft 2.3  — 1 

Diameter  of  medullary  canal  (middle  of  shaft) 1-1  l-o 

Thickness  of  cortex  (middle  of  shaft) 0.6  0.25 


TABLE  2. — Measurements  of  Bones  in  C.a.se  3 

Eight  Radius,  Left  Radius,  Right  Tibia,  Left  Tibia, 
Cm.                    Cm.                    Cm.  Cm. 

length      24.1  24.6  37.5  3V.3 

Diameter   of   shaft 1.7  1.5  3.1  2.6 

Diameter  of  medullary    canal 0.7  0.6 

Thickness  of  cortex 0.5  0.45 

showed  evidences  of  increased  porosity  as  well  as  decrease  in  thickness.  A 
difference  in  the  bones  of  the  forearm  was  distinct  but  less  marked  than  it 
was  in  the  bones  of  the  hand.    The  left  radius  showed  a  healed  Colles'  fracture. 

The  contracture  of  the  right  hand  did  not  permit  the  taking  of  roentgeno- 
grams from  which  comparative  measurements  would  have  been  of  any  value 
(Fig.    2). 

Case  3.—Syriiujoiiiyclia.  A  white  man.  aged  38,  at  the  age  of  14  years, 
noticed  a  weakness  in  the  left  arm.  At  17  years  of  age,  a  weakness  of  the 
left  leg  was  noticed.  There  was  a  similar  weakness  in  the  right  arm  and  right 
leg  at  the  ages  of  29  and  32.  The  weakness  progressed  until  eight  years  pre- 
viously, when  he  could  get  about  only  with  assistance.  For  the  last  two  years 
the  patient  had  been  able  to  get  only  from  a  bed  to  a  chair.  On  examination 
he  presented  the  characteristic  picture  of  advanced  syringomyelia,  with  marked 
muscle  weakness  and  muscle  atrophy  of  the  extremities.  There  was  a  com- 
plete dissociation  of  sensation,  but  no  complete  muscle  paralysis.  The  skin  of 
both  hands  and  feet  showed  typical  "trophic"  ulcers. 

Roentgenograms  of  all  the  bones  of  the  extremities  were  studied. 

The  bones  of  both  arms  and  legs  showed  abnormal  thinness  of  the  cortex 
of  the  shafts  and  of  the  cancellous  bone  of  the  extremities.  The  cortical  bone 
of  the  shafts  of  all   bones   was   slightly  more  porous   than   normally.     In   gen- 
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eral  the  bone  atrophy  was  not  advanced.  There  was,  however,  a  definite  cor- 
respondence in  the  amount  of  bone  atrophy  and  the  extent  of  loss  of  function 
in  the  extremities.  There  was  no  evidence  of  any  influence  on  the  normal 
growth  of  the  bones   in  length  or  shape   (Fig.  3). 

Case  A.— Ischemic  contracture.  A  white  boy,  aged  16  years,  one  year  pre- 
viously fell  and  fractured  the  left  radius.  Splints  were  applied  and  a  typical 
ischemic  contracture  developed.  On  examination  there  was  a  flexion  contrac- 
ture  of   the   left   hand    and   wrist    with    marked   muscle    atrophy   and    complete 


Fig.  2. — Roentgenogram  of  the  bones  of  the  forearms  and  hands  in  Case  2, 
a  man,  aged  60,  suffering  from  a  right  hemiplegia  of  thirteen  months'  dura- 
tion. The  atrophic  changes  in  the  bones  of  the  right  extremity  arc  not  so  well 
shown  in  the  reproductions  as  in  the  original  plates.  A  marked  difference, 
however,  can  be  seen  in  the  appearance  of  the  right  and  left  first  meta- 
tarsal bones. 


disability.  There  was  very  slight  motion  in  the  fingers.  The  contracture  was 
overcome  by  excision  of  the  carpus.  Roentgenograms  were  made  of  both 
forearms  and  hands  after  the  contracture  had  been  relieved. 

The  bones  of  the  left  hand  and  forearm  showed  marked  bone  changes. 
There  was  a  healed  fracture  of  the  radius  in  the  distal  third.  The  cancellous 
bone  of  the  distal  ends  of  the  radius  and  ulna  was  markedly  thin.     There  was 
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tliinnini;  (if  tlif  curtex  of  the  sliafts  of  all  llic  Ikuk'S  in  the  luiiid  and  forearm. 
The  diameter  of  the  shafts  of  all  hones  was  slightly  decreased.  There  was 
a  decrease  in  length  of  both  bones  of  the  forearm.  The  epiphyseal  lines  were 
completely  absent  in  all  bones  of  the  left  forearm.  The  distal  epiphyseal  line 
of  the  right  radius  was  present. 

C.\SF.  5. — Infectious  arthritis.  A  white  woman,  aged  52,  six  years  previ- 
ously received  a  crushing  injury  to  her  right  foot,  which  was  followed  by  an 
infection  of  the  tarsal  bones.  The  infection  resulted  in  destruction  of  the 
cuneiform  bones  and  parts  of  the  astragalus  and  os  calcis.  The  infection 
healed  with  an  extreme  valgus  deformity  of  the  foot.  There  was  no  infection 
of  the  tibia  or  fibula.  The  patient  had  not  used  the  right  leg  since  the  injury. 
She  got  about  on  the  left  leg  with  the  assistance  of  crutches.  There  was 
marked  muscle  atrophy  in  the  right  calf.  Roentgenograms  of  both  tibias  were 
studied. 

There  was  a  very  marked  difference  in  the  appearance  of  the  two  tibias. 
The  left  tibia   appeared  normal.     The  right  tibia  showed   extreme  thinning  of 

TABLE  3. — Measurements  of  Bones  in  C.ase  4 

Right  Radius,  Left  Radius, 
Cm.  Cm. 

Length    23.4  22.4 

Diameter    of    shaft l-S  1.1 

Diameter   of    medullary   canal 0.6  0.5 


TABLE  4. — Me.\surements  of  Bones  in  C.'VSe  5 

Right  Tibia,      Left  Tibia, 

Cm.  Cm. 

Length    38.8  38.0 

Diameter  of  shaft 2.6  2.6 

Diameter  of  medullary  canal 2.4  1-9 

Thickness  of  cortex  of  shaft 0.1  0.35 


the  cancellous  bone  of  its  extremities.  The  medullary  canal  was  markedly 
increased  in  diameter.  The  cortical  bone  of  the  shaft  was  thin  and  porous. 
The  diameter  of  the  shaft  was  not  decreased.  The  right  tibia  measured  slightly 
longer  than  the  left   (Fig.  5). 

C.\se  6. — Fracture.  A  white  man,  aged  56,  two  years  previously  was  struck 
by  a  heavy  piece  of  luinber  which  broke  both  bones  of  the  left  leg.  The 
fracture  w-as  compound,  Imt  no  suppuration  followed,  and  the  small  open  wound 
closed  in  a  few  days.  The  fracture  was  treated  with  plaster  but  failed  to  unite. 
The  patient  had  borne  no  weight  on  the  left  leg  since  the  accident.  He  got 
about  using  the  right  leg  and  crutches.  Examination  revealed  a  nonunited 
fracture  of  the  left  tibia  and  fibula  at  the  junction  of  the  middle  and  distal 
thirds.  There  was  free,  painless,  false  motion  at  the  level  of  the  fracture. 
Roentgenograms  of  both  tibias  were  studied,  and  the  cliaracter  of  the  bone  of 
the  left  tibia  and  fibula  was  observed  at  operation,  which  was  performed  for 
the  cure  of  the  nonunited  fracture. 

The  bones  of  the  left  leg  and  foot  showed  extreme  bone  atrophy.  The  can- 
cellous bone  of  the  extremities  of  the  long  bones  and  of  the  entire  tarsal  bones 
was  very  thin.  The  trabeculae  were  decreased  in  number  and  density.  The 
medullary  canal  of  the  long  bones  was  increased  in  size.  The  cortex  of  the 
shafts  of  the  long  bones  was  thin  and  porous. 
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Cltaiiffcs  in  Bone  Resulting  from  Lack  of  Use  During  Groivtii. — 
The  following  cases  were  chosen  as  examples  showing  the  changes 
in  bone  which  result  from  lack  of  use  during  the  growing  period. 

Case  7. — Peripheral  iiert-e  injury.  A  white  girl,  aged  9  years,  had  a  single 
congenital  dislocation  of  the  left  hip.  The  deformity  was  such  that  the  patient 
got  about  with  a  slight  limp.  There  was  no  apparent  muscle  atrophy.  An 
open  operation  was  performed,  and  the  dislocation  was  reduced.  Immediately 
following  operation,  there  was  a  complete  sciatic  nerve  paralysis.     The  patient 


Fig.  3. — Roentgenogram  of  the  bones  of  the  left  upper  extremity  in  Case  3. 
a  man,  aged  .38,  suffering  from  syringr)myelia.  The  first  symptoms  of  the 
disease  appeared  twenty-four  years  previously.  The  progress  had  been  slow 
and  the  sensory  paralysis  was  much  more  advanced  than  the  motor  paralysis. 
The  bones  show  a  moderate  degree  of  atrophy. 

was  under  observation  for  a  period  of  five  years  after  the  nerve  injury.  At 
the  end  of  this  period  there  was  some  recovery  of  sensation.  There  was  a 
slight  return  of  power  in  the  hamstring  muscles.  Otherwise,  there  was  a 
complete  motor  paralysis  of  all  muscles  supplied  by  the  sciatic  nerve,  with 
marked  muscle  atrophy.  The  patient  was  unable  to  use  the  leg  in  walking. 
Roentgenograms  of  both  lower  extremities  were  made  five  years  after  the 
nerve  injury.    Those  of  both  tibias  were  studied  in  detail. 
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The  l)ones  oi  tlic  right  leg  apinarcd  normal  for  a  14  year  old  child.  Both 
epiphyseal  cartilages  were  present  in  both  bones.  The  contours  of  lioth  tibias 
and  filiulas  were  normal.  Both  bones  of  the  left  leg  were  abnormal.  The 
filmla  had  a  very  small  shaft.  The  epiphyses  were  large  in  comparison  with 
the  shaft,  but  were  smaller  than  normal.  Both  epiphyseal  cartilages  of  the 
fibula  were  absent.  The  left  tiliia  slu)wcd  a  decrease  in  the  diameter  of  the 
shaft,  and  a  relative  increase  in  the  diameter  of  the  medullary  canal.  The 
epiphyses  of  the  tibia  were  large  in  comparison  with  the  shaft,  but  smaller 
than  those  of  the  normal  tibia.  The  cortex  of  the  shaft  was  thinner  than 
that  of  the  right  tibia.  The  proximal  epiphyseal  cartilage  was  apparently 
absent.  The  distal  cartilage  showed  faintly.  The  lengths  of  both  tibias  and 
filiulas  were  diminished    (Fig.  7). 

T.ABLE  5. — Measurements  of  Bones  in  Case  7 


Bight  Tibia, 
Cm. 
33.5 
2.1 
1.3 
0.4 
7.0 

Lett  Tibia, 
Cm. 
32.5 

DinliR'tcr    ( 

:>f    shaft 

>f    nieduUarv   canal, 
of  cortex  of  shaft.. 
)f  proximal   epiphysi 

1.8 
1.2 

Thickness  . 

0.3 
6.5 

TABLE  6.- 

-M 

E,\SURE.\IENTS 

OF 

B, 

ONES 

IN 

Case  8 

Length     

Diameter   of   shaft 

Diaint'tcr  of  medullary   canal. 

Tliiekness  of  cortex 

Diameter   of   epiphysis 


tight  Tibia, 
Cm. 

Left  Tiba, 
Cm. 

Bight  Femur 
Cm. 

,    Left  Femur, 
Cm. 

■28.;) 

30.2 

35.2 

36.0 

T.'\BLE  7. — Measurements  of  Bones  in  Case  9 


Bight  Badius,  Left  Badius, 
Cm.  Cm. 

Length    19.5  25.0 

Diameter    of    shaft 1.3  1.6 

Diameter  of  medullary  canal 0.8  0.25 

Diameter  of  epiphysis   (distal) 2.7  3.6 


Ca.se  8. — S't^aslU-  f^aralysis.  A  colored  girl,  aged  11  years,  bail  had  a  right 
hemiplegia  since  birth.  She  was  restless  and  feebleminded  and  had  never 
walked.  The  right  leg  and  arm  showed  the  typical  picture  of  complete  spastic 
paralysis.     The  left  arm  and  leg  were  not  paralyzed. 

Roentgenograms  of  the  bones  of  both  lower  extremities  were  studied.  All 
the  bones  of  both  extremities  showed  distinct  evidence  of  lack  of  function.  The 
changes  in  the  bones  of  the  right  lower  extremity  were  much  more  marked 
than  in  the  left   (Fig.  8). 

Case  9. — Ischemic  contracture.  A  white  boy.  aged  17  years,  at  the  age  of 
10  years  fell  from  a  tree  and  fractured  the  bones  of  the  right  forearm.  Splints 
were  immediately  applied  to  the  arm.  There  was  a  great  deal  of  pain.  The 
splints  were  not  removed  for  two  weeks.  When  the  dressings  were  removed, 
there  was  extensive  ulceration  of  tlie  skin  of  both  anterior  and  posterior  sur- 
faces  of  the   wrist   and   palm.     The   fingers  could   not  be   straightened.     Grad- 
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ually  a  marked  flexion  contracture  developed.  The  hand  had  not  been  used 
since  injury — the  thuinl>  was  adducted  across  the  pahn.  There  were  deep  scars 
on  the  flexor  and  extensor  surfaces  of  the  wrist,  as  well  as  a  deep  scar  on 
the  thenar  eminence.  The  muscles  of  the  forearm  were  markedly  atrophied. 
There  was  no  evidence  of  sensory  or  motor  paralysis.  The  entire  forearm 
and  hand  were  shorter  and  smaller  than  normal.  The  patient  did  not  use 
the   hand. 


Fig.  4. — Roentgenogram  of  the  hones  of  both  forearms  in  Case  4,  a  boy, 
aged  16  years,  suffering  from  an  ischemic  contracture  of  the  left  forearm,  of 
one  year's  duration.  There  is  a  diminution  in  size  and  density  of  all  of  the 
bones  of  the  left  forearm  and  hand.  The  atrophic  changes  in  the  bones  of  the 
forearm  are  more  marked  in  tlie  distal  portions  of  the  bones.  The  distal  epi- 
physeal cartilages  of  the  left  ulna  and  radius  arc  absent. 


Roentgenograms  of  both  forearms  and  hands  were  studied.  There  was  a 
marked  diminution  in  the  size  and  length  of  all  bones  of  the  right  forearm 
and  hand.  The  distal  end  of  the  radius  and  ulna  showed  more  marked  changes 
than  the  proximal  ends.  The  cancellous  bone  of  the  distal  end  of  the  radius 
and  of  the  bones  of  the  hand  was  iriore  porous.  The  diameter  of  the  shafts 
of  the  bones  was  relatively  decreased.  The  medullary  canals  were  relatively 
increased.     The    cortex    of    the    shaft    was   the    same   as    that    of   the    normal 
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(.■xtrt-mity.  Tlu-  epiphyseal  lines  were  present  in  the  lioncs  of  the  left  forearm. 
The  epiphyseal  lines  of  the  bones  of  the  right  forearm  had  disappeared  (F'ig.  9). 
Case  10. — Tuberculosis  of  hip.  A  white  girl,  aged  6  years,  two  years  before 
had  begun  to  limp.  One  year  previously,  examination  revealed  the  typical 
clinical  picture  of  tuberculosis  of  the  hip.  There  was  at  this  time  only  slight 
bone  destruction  in  the  right  acetabulum.  The  right  knee  was  slightly  swollen 
and  tender.  Roentgen-ray  examination  disclosed  no  bone  destruction  at  the 
knee.  Tuberculosis  of  the  knee  was  suspected,  but  could  not  be  proved.  The 
patient  w-as  treated  by  traction  in  bed  for  six  weeks,  after  which  a  spica  cast 
was  applied  to  the  entire  right  lower  extretnity.  The  patient  has  been  con- 
tinuously in  a  cast  for  a  year.  The  cast  had  been  changed  four  times  during 
this  period,  but  had  never  been  off  for  more  than  a  day.  The  patient  had 
been  able  to  get  about  with  crutches  and  a  high  sole  on  the  left  shoe,  for  the 
last  three  months.  For  the  last  six  months  there  liad  been  no  fever  and  the 
getieral  condition  of  the  patient  had  been  very  good. 

TABLE  8. — Me.\surements  of  Bones   in   C.\se  10 


Eight  Tiliia, 
Cm. 

Left  Tibia, 
Cm. 

Diameter   of 
Diameter  of 
Thickness  of 

shaft 

medullary    canal. 

1.3 

1.0 

1.6 
1.0 

TABLE  9.- 

-Measurements 

OF  Bones   in   Case  11 

Length     

Diameter   of   shaft 

Bight  Tibia 
Cm. 

34.0 

2.1 

Left  Tibia,     Right  Femur, 
Cm.                   Cm. 
33.0 
1.9                         2.6 
1.3                          1.6 
6.8 

Left  Femur, 
Cm. 

•2.4 

Diameter  of 

epiphysis 

7.0 

E.xamination  immediately  after  removal  of  tlie  cast  revealed  very  little 
motion  in  the  right  hip  and  knee.  There  was  marked  muscle  atrophy  of  all 
the  muscles  of  the  right  thigh  and  leg. 

Roentgenograms  of  all  the  bones  of  both  lower  extremities  were  studied. 
The  right  hip  joint  showed  extensive  destruction  of  the  acetabulum  and  head 
of  the  femur.  There  was  no  evidence  of  a  tuberculous  focus  in  the  region  of 
the  knee  joint.  All  bones  of  the  right  lower  extremity  showed  extreme  atrophic 
changes.  The  tibia  was  chosen  for  comparative  study  since  this  bone  was  not 
involved  in  the  disease  process. 

The  right  tibia  showed  a  marked  decrease  in  density  of  the  cancellous  l}one. 
The  diameter  of  the  shaft  was  decreased;  the  cortex  was  thinner;  the  right 
tibia  was  slightly  longer  than  the  left;  the  epiphyseal  lines  were  all  present. 
The  epiphyseal  lines  in  the  right  tibia  were  abnormally  regular   (Fig.   10). 

C.\SE  11. — Osteomyelitis  of  femur.  A  white  girl,  aged  12  years,  at  the  age 
of  6  years  had  suffered  from  acute  osteomyelitis  which  involved  the  distal 
end  of  the  left  femur.  The  site  of  the  infection  was  opened  and  drained.  There 
was  a  discharge  from  the  bone  for  a  period  of  one  year.  The  wound  then 
closed,  with  the  gradual  reestablishment  of  normal  function  in  the  extremity. 
For   a    period    of   eight   months,    the    left   lower   extremity    was    not   used.     At 
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the  present  time  there  is  slight  atrophy  of  the  iniiscles  in  the  thigh  and  calf 
on  the  affected  side.  Roentgenograms  of  the  liones  of  hoth  lower  extreinities 
were  studied. 

All  the  hones  of  the  left  lower  extremity  were  slightly  smaller  in  all 
measurements.  The  trabeculae  of  the  cancellous  bone  were  fewer  in  numlicr 
but  thicker,  presenting  the  appearance  of  a  coarser  network.  The  epiphyseal 
lines  were  all  present  and  did  not  vary  on  the  two  sides  (Fig.  11). 

The  patient  had  a  short  period  of  nonuse  during  the  growing  period,  which 
was  followed  by  complete  return  nf  use  of  the  extremity. 


Figure  5  ri.;!ure  6 

Fig.  5. — Roentgenogram  of  the  bones  of  bo:h  legs  in  Case  5,  a  woman,  aged 
52,  who  had  not  used  her  right  leg  for  a  period  of  six  years  because  of  a 
deformity  of  the  foot  which  followed  an  acute  infectious  process  in  the  tarsus. 
The  bones  of  the  right  leg  .show  advanced  nonuse  atrophy.  The  thick,  com- 
pact cortex  of  the  shaft  of  the  right  tibia  is  changed  to  thin  porous  bone. 
The  illustration  is  characteristic  of  advanced  bone  atrophy  which  results  froiti 
lack  of  use  during  the  adult  period. 

Fig.  6. — Roentgenogram  of  bones  of  the  legs  in  Case  6,  a  man,  aged  %, 
with  a  nonunited  fracture  of  the  left  leg  of  two  years'  duration.  The  bones 
of  the  left  leg,  foot  and  ankle  show  marked  atrophy. 
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Case  12. — Fracture.  A  white  boy,  aged  14  years,  at  the  age  of  8  years  fell 
and  fractured  the  shaft  of  the  right  femur.  Tlie  fracture  healed  in  good  posi- 
tiiin.  and  function  was  restored.  Since  this  accident,  liowever,  the  right  femur 
liad  Iiccn  rcfractured  seven  times,  each  time  tlie  result  of  a  fall.  The  patient 
was  first  seen  liy  us  in  October,  1920,  at  wliich  time  there  was  a  lack  of 
miion  in  the  eighth  fracture  of  the  shaft  of  the  right  femur,  which  had  been 
sustained  two  months  previously.  The  fracture  had  been  treated  by  appli- 
cation of  a  plaster  cast.  The  patient  stated  that  each  preceding  fracture  had 
been  treated  in  a  similar  manner.  Examination  in  October,  1920,  revealed 
false  motion  in  the  middle  third  of  the  right  femur.  Roentgenograms  disclosed 
lack  of  approximation  of  the  fragments.  Roentgenograms  were  made  of  all 
the  bones  of  the  body.  There  was  nothing  abnormal  except  in  the  liones  of  the 
right  lower  extremity.  All  bones  of  this  extremity  showed  atrophic  changes. 
There  was  marked  decrease  in  the  density  of  the  cancellous  and  cortical  bones. 
The  bones  were  diminished  in  thickness  and  length  as  compared  with  the 
corresponding    bones    of    the    left    extremity.      All    epiphyseal    cartilages    were 

T.ABLE  10 — Me.s.suremexts  of  Bones  in  C.\se  12 


October,  1920 

February,  1922 

Length     

Diameter 

Lett  Tibia, 
Cm. 

32.3 

2.0 

Right  Tibia, 
Cm. 
29.8 

L7 

10 

0.35 

Left  Tibia, 
Cm. 
33.3 

t.n 
O.f; 

Right  Tibia, 
Cm. 
29.9 

Diameter  of 
Thickness  ot 
Diameter  of 

medullary  canal. 

cortex 

epiphyses 

1.0 

0.45 

0.9 
0.5 
6.9 

TABLE  11.- 

— Me.'\SUREMENTS 

OF  Bones 

IN  Case  13 

Length     

Diameter  of 
Diameter  of 
Diameter    of 
Thickness   oi 

'  shaft!'! !!'!1!!!!! 

medullary   canal. 

epiphyses 

:    cortex 

Eight  Tibia, 
Cm. 
40.0 

'.'-.'.".              L3 

8.5 

O.G 

Left  Tibia, 
Cm. 
39  0 
2.0 
1.4 

T.e 

0.3 

Right  Fibula, 

Cm, 

34.0 

1.5 

Left  Fibula, 
Cm. 
34.0 
0.5 

present  (Fig.  12).  The  fracture  was  treated  by  open  operation  and  bone 
transplantation.  The  fracture  united  in  twelve  weeks.  The  patient  then  got 
about  on  crutches  for  a  period  of  about  six  weeks,  after  which  time  he  walked 
with  no  support.  For  the  last  year  the  patient  had  been  using  tlie  extremity, 
with  an  extension  sole  for  complete  weight  bearing.  In  Feliruary,  1922,  the 
entire  right  lower  extremity  was  smaller  and  shorter  than  the  left.  The 
measured  shortening  amounted  to  J.S  inches  (8.9  cm.).  Roentgenograms  of 
the  bones  of  both   lower  extremities   were  obtained. 

In  this  patient,  therefore,  there  was  a  period  between  the  ages  of  8  and 
14  years  in  which  there  was  a  marked  lack  of  use  of  one  lower  extremity  as 
a  result  of  repeated  fractures.  Finally  there  was  a  year  of  continuous  use- 
fulness of  the  extremity.  Roentgenograms  were  obtained  at  the  beginning  and 
end  of  this  period  of  usefulness  of  the  extremity.  This  permitted  the  study 
of  the  changes  which  result  from  lack  of  use  and  also  the  effect  on  the  bones 
of  reestablishment  of  function.  Furthermore,  the  period  of  observation  was 
during   the    latter   years   of   growth   of   the   patient. 
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Figure  7  Figure  8 

Fig.  7. — Roentgenogram  of  the  bones  of  the  legs  in  Case  7,  a  girl,  aged  14 
years,  who  had  a  complete  muscle  paralysis  of  the  left  leg  due  to  injury  of 
the  sciatic  nerve  five  years  previously.  Compare  the  shape  and  the  appearance 
of  the  epiphyseal  cartilages  of  the  tihias.  The  measurements  of  the  bones  are 
recorded  in  the  description  of  Case  7. 

Fig.  8.— Roentgenogram  of  the  bones  of  the  lower  extremities  in  Case  8, 
a  girl,  aged  11  years,  who  had  suffered  from  a  right  hemiplegia  since  birth. 
Compare  the  bones  of  the  two  extremities  with  the  measurements  recorded 
in  the  description  of  Case  8. 
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RcuMitgeiuigranis  nf  tlie  liom-s  of  Imth  Inwcr  i-xtri-iiiities  taken  in  1922  demon- 
strated tlie  bones  of  the  affected  extremity  to  lie  smaller  and  shorter  than 
those  of  the  normal  extremity.  The  left  tibia  liad  iiureased  in  all  dimensions. 
The  right  tibia  had  increased  in  thickness  but  not  in  lenf^th.  .Ml  epiphyseal 
cartilages  in  the  bones  of  the  right  extremity  were  absent.  The  pro.ximal 
epiphyseal  cartilages  of  the  left  tiliia  and  tilmla  were  faintly  visible.  There 
was  a  marked  difference  in  the  appearance  of  the  cancellous  bone  of  the  right 
tibia  from  that  seen  in  the  left  tibia  and  also  from  that  seen  in  the  right  in 
the    roentgenograms    studied    a    year    previously.      The   trabeculae   of   the   can- 


Figure  9 
Fig.  9. — Roentgenogram  of  the  bone 


of  the 


forearms  in  Case  9,  a  boy,  aged 
17  years,  with  an  ischemic  contracture  of  the  right  forearm  and  hand.  The 
disproportion  of  size  of  the  bones  of  the  right  forearm  and  hand  may  he  noted. 
The  disproportion  in  length  is  greater  than  has  been  o1)served  in  other  cases 
of  nonuse.  The  epiphyseal  cartilage  may  have  licen  injured  at  the  time  of 
onset  of  the   disease. 

Fig.  10. — Roentgenogram  of  the  bones  of  the  legs  in  Case  10,  a  child,  aged 
6  years,  with  tuberculosis  of  the  right  hip  of  two  years'  duration.  The  entire 
extremity  had  been  fixed  in  plaster  for  one  year.  The  marked  difference  in 
the  bones  of  the  extremities  may  be  noted.  Compare  tlie  atrophic  bones  of 
the  riglit  leg  with  the  illustrations  of  lume  atmpliy  resulting  from  poliomyelitis. 
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ccllous  bone  in  tlic  right  tihia  were  fewer  in  niniilier  tliaii  in  the  corresponding 
areas  of  the  left  tibia,  the  individual  trabcculac  of  the  right  tibia  were  thicker 
than  in  the  left  tibia  and  also  thicker  than  in  the  riglit  tiliia  of  one  year  ago 
(Fig.    13). 

C.\SK  13. — Congenital  dcformily.  .\  wliitc  l)oy.  .igetl  15.  was  born  with  a 
unilateral  left  talipes  equinovarus  of  marked  degree.  The  patient  began  to 
walk  at  the  usual  age.  There  had  been  one  operative  effort  made  to  correct  the 
deformity.  At  the  time  of  examination  the  patient  walked  without  artificial 
support.  The  weight  was  borne  on  the  distal  ends  of  the  lateral  metatarsals. 
There  was  a  marked  limp  and  disability  in  gait.  The  muscles  of  the  left  thigh 
and  calf  were  much  smaller  than  those  of  the  right. 

Roentgenograms  of  the  bones  of  both  legs  were  studied.  The  bones  of  the 
right  leg  ap|)eared  normal.  The  hones  of  the  left  leg  were  thinner  and  shorter 
than  normally.  The  cancellous  bone  was  more  porous  than  normally  and  the 
cortex  of  the  shaft  was  diminished  in  thickness.  The  left  fibula  was  strikingly 
thin.  It  was  interesting  to  note,  however,  that  the  length  of  the  left  fibula 
and  the  right  fibula  was  the  same.  All  epiphyseal  cartilages  were  present. 
Those  in  the  bones  of  the  left  leg  were  more  nearly  closed  than  those  in  the 
bones  of  the  right  leg   (Fig.  14). 

T.MILI"   12. — Measurements  of  Bones  in  Case  14 


I^Dgt  h    

Diameter  of  shaft 

Diameter  of  me<1nllarf  canal.. 
Diameter  of  proximal  epiphysis 
Tliiekness  of  corte.t 


Lateral 

Roentgenograms 

Oct.  28, 19iO 

Anteroposterior  Roentgenograms 

.Ian.  19, 1921 

Dee.  12, 1921 

Right           Left 
Tibia,         Tibia. 

Cm.             Cm. 

23.4              23.3 

Right           Left 
Tibia.          l-ibia. 

Cm.             Cm. 

23..'i              ■->3.4 

Right            Left 
Tibia,         'I^bia, 

Cm.             Cm. 

24.7              24.7 

Case  14. — Poliomyelitis.     A  girl,  aged  5  years,  was  first  seen  in   September, 

1920.  suffering  from  an  acute  attack  of  anterior  poliomyelitis.  The  paralysis 
was  complete  in  all  extremities.  The  patient  was  under  observation  at  the 
time  of  examination.  There  had  been  some  recovery  of  motion  in  both  upper 
extremities;  but  the  lower  extremities  remained  in  a  state  of  completely  flaccid 
paralysis.  The  patient  had  been  confined  continuously  to  bed  and  to  a  chair. 
Roentgenograms  of  the  bones  of  both   legs  were  made  Oct.  20,   1920.  Jan.    19. 

1921.  and  Dec.  12.  1921. 

Roentgenograms  made  Oct.  28.  1920.  one  montli  after  onset  of  the  disease, 
revealed  normal  appearing  bones.  In  the  roentgenograms  inade  Jan.  19,  1921, 
three  months  later,  there  was  a  marked  change  in  the  appearance  of  the  bones 
of  both  legs.  The  cancellous  bone  was  much  more  porous.  The  cortical  bone 
of  the  shaft  was  much  thinner  and  showed  linear  striae  of  decreased  density. 
There  was  a  slight  increase  in  length  of  the  bones  of  both  legs.  Measurements 
of  the  diameters  of  the  shafts  and  medullary  cavities  cannot  be  accurately  com- 
pared because  the  roentgenograms  taken  in  October,  1920,  were  lateral  views 
and   those  made  in  January.   1921.  were  anteroposterior  views. 

The  roentgenograms  made  Dec.  12.  1921.  fourteen  months  after  the  onset  of 
the  disease,  were  taken  under  the  same  conditions  as  fho.'-c  made  Jan.  19.  1921. 
A  comparison  cit  ibp~r  two  roentgenograms,  therefor,     ili-mcnstrales  accurately 


514  ARCHIfHS     OF    SURGERY 

the  progress  of  tlic  lione  changes  during  a  period  of  eleven  months  of  complete 
lack  of  use  in  a  growing  child.  The  bones  of  both  legs  had  become  exceed- 
ingly thin.  The  trabeculae  of  the  cancellous  bone  were  much  fewer  and  smaller. 
The  thickness  of  the  cortex  had  decreased  markedly.  The  length  of  the  bones 
had  increased.  The  diameter  of  the  shafts  had  decreased.  The  diameter  of 
the  medullary  canals  had  increased.  The  width  of  the  epiphyses  had  increased. 
Thus,  the  contours  of  the  bones  had  changed    (Figs.  15,  16  and   17). 

Case  15. — A  white  woman,  aged  25,  at  the  age  of  4  years  had  an  attack 
of  acute  anterior  poliomyelitis  which  resulted  in  a  complete  paralysis  of  all 
the  muscles  of  the  left  leg  and  a  partial  paralysis  of  the  left  thigh.  Since  the 
onset  of  the  paralysis,  the  left  lower  extremity  had  not  been  used  for  walking. 
The  patient  had  always  walked  with  crutches  and  there  had  been  no  attempt 
at  any  time  to  make  use  of  the  paralyzed  extremity  either  with  or  without 
artificial  support.  Examination  revealed  complete  paralysis  of  the  leg  with 
marked  muscle  atrophy.  The  adductor  group  and  the  psoas  muscles  of  the 
thigh  had  some  power,  otherwise  the  thigh  muscles  were  completely  paralyzed 
and  atrophied. 

TABLE  13. — Mi:.\suremi;nt  of  Boxes  in  Case  IS 


Leogth   

Diameter    of    shaft 

Diameter  of  medullary  eanal 

Diameter   of   epiphysis    (proximal). 
Thickness  of  cortex 


T.-\BLE  14. — Measurements  of  Boxes  in  C.\se  16 


Right  Tibia. 
Cm. 

Left  Tibia. 
Cm. 

40  0 

34.6 

Length    

Diameter   of    shaft 

Diameter   of  medullary   canal 

Diameter    of    epiphyses    (proximal) 
Thickness    of    cortex 


Roentgenograms  of  the  bones  of  both  lower  extremities  were  studied.  All 
of  the  bones  of  the  left  lower  extremity,  including  the  bones  of  the  left  pelvic 
girdle,  were  diminished  in  size  and  density.  There  was  an  extreme  coxa  valga 
deformity  of  the  left  femur,  associated  with  a  lack  of  development  of  the  great 
trochanter  and  a  relative  overdevelopment  of  the  lesser  trochanter.  The 
acetabulum  was  small  and  shallow.  .'Ml  epiphyseal  cartilages  were  absent. 
The  tibias  were  chosen  for  detailed  comparative  study.  The  right  tibia  appeared 
normal.  The  left  tibia  was  shorter.  The  diameter  of  the  shaft  was  diminished. 
The  epiphyses  were  smaller  than  those  of  the  left  tibia,  but  in  comparison  to 
the  size  of  the  shaft  they  were  large.  The  cancellous  bone  was  more  porous, 
and  the  cortex  of  the  shaft  was  thin    (Fig.   18;. 

Case  16. — A  white  woman,  aged  28.  when  1  year  old  had  an  attack  of  acute 
anterior  poliomyelitis  which  resulted  in  a  complete  permanent  paralysis  of  all 
the  muscles  of  the  right  leg  and  a  partial  paralysis  of  the  thigh.  The  extensor 
muscles  of  the  thigh  were  paralyzed.  There  was  power  in  the  hamstring 
muscles.  There  was  marked  muscle  atrophy  of  the  leg  and  less  marked  atrophy 
of  the  thigh.     In  spite  of  the  extent  of  the  paralysis,  the  patient  had  continu- 
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ously  used  the  leg  for  walking.  Roentgenograms  of  the  hones  of  both  lower 
extremities  were  studied.  Considering  the  marked  difference  in  muscles  of 
the  two  legs,  there  was  surprisingly  little  difference  in  the  appearance  of  the 
bones  of  the  two  legs.  The  right  tibia  was  slightly  shorter  and  thinner.  The 
cancellous  bone  was  only  slightly  mon-  iLiriMi-  The  diameter  of  the  shaft  was 
slightly  decreased   (Fig.  19). 


Figure  11  Figure  12 

Fig.  11. — Roentgenogram  of  the  hones  of  the  legs  in  Case   11,  a  girl,  aged 

12  years,  who  did  not  use  the  right  leg  for  a  period  of  about  eight  months  at 

the  age  of  6  years,  owing  to  acute  osteomyelitis  of  the  distal  end  of  the  femur. 
The  recovery   from  the  disability  was  complete.     The  unmistakable  evidences 

of  lack  of  use  during  the  growing  period  are  seen  in  the  abnormal  shape  and 
size  of  the  bones  of  the  right  leg. 

Fig.  12. — Roentgenogram  of  the  bones  of  the  legs  in  Case  12,  a  boy,  aged 
14  years,  who  had  sustained  repeated  fractures  of  the  right  femur.  These 
roentgenograms  were  made  two  months  after  the  last  fracture,  at  which  time 
there  was  lack  of  union  of  the  fragments  due  to  malposition.  The  bones  of 
the  right  leg  show  marked  atrophic  changes  and  growth  disturbance.  All 
epiphyseal  cartilages  are  distinct,  but  they  are  thicker  in  the  bones  of  the 
left  leg.     Compare  with  Figure  13. 
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III.      KKI.ATln.N      1!KTVV1-;E.\      CIIAXGKS      IN      li(.)i\'K     AS     A      RESULT     OF 
I.AlK     OK     USE     AND     THE     CAUSE     OF     THE     NONUSE 

Imciiii  the  study  of  the  changes  in  bones  which  followed  lack  of 
use  from  various  cau>es  in  both  children  and  adults,  there  was  no 
evidence  that  the  cause  of  the  lack  of  use  affected  these  changes  in  any 
manner.  The  same  atrophic  changes  in  bone  were  observed  when  the 
lack  of  use  was  due  to  anterior  poliomyelitis,  spastic  paralysis,  periph- 
eral iicr\e  injury,  I-'riedreicb's  ataxia,  psetulnniu^cnlar  atrophy,  syringo- 


Fiaure  13 


Figure  14 


Fig.  13. — Roentgenogram  of  the  liones  of  the  legs  in  Case  12,  after  healing 
of  the  fracture  of  the  femur  and  continuous  use  of  the  extremity  for  a  period 
of  about  one  year.  The  increase  in  thickness  of  the  cortex  of  the  shaft  of 
the  right  tibia  and  the  increased  strength  of  the  struts  of  the  cancellous  bone 
may  be  noted.  The  epiphyseal  cartilages  arc  alisent  in  the  bones  of  the  right 
leg.     Compare  with  the  measurements  recorded   in  tlie  description  of  Case   12. 

F'ig.  14. — Roentgenogram  of  the  bones  of  the  legs  in  Case  13,  a  boy.  aged 
15  years,  with  a  left  congenital  clubfoot.  The  bones  of  the  left  leg  show  the 
effects  of  incomplete  function  during  the  growing  period.  The  filiula  shows 
more  cliange   than   the   tiliia  on   account   of  the   jiosition  of  the    foot. 
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inyelia,  chronic  arthritis,  tuherculosis  of  hone,  pyogenic  osteomyelitis, 
contracture,  fracture,  congenital  deformities  and  astasia  abasia.  The 
character  of  the  changes  was  the  same  in  all  instances.  The  amount 
of  the  changes  varied  directly  with  the  extent  of  the  lack  of  use. 
There  was  absolutely  no  evidence  that  bone  atrophy  was  ever  the 
result  of  specific  nerve  influence  on  bone,  and  it  is,  therefore,  unwar- 
ranted to  assume  that  bone  atrojihy  is  ever  a  neurotrophic  phenomenon. 
To  emphasize  this  important  point.  Figures  7,  10,  12  and  17  show  the 
changes  in  the  tibias  of  children  affected  by  anterior  poliomyelitis^ 
peripheral  nerve  injury,  tuberculosis  of  the  hip  and   fracture  of  the 


Fig.  15. — Roentgenogram  of  tlie  bones  of  tlie  legs  in  Case  1-4.  one  month 
after  the  onset  of  an  attack  of  acute  poliomyelitis.  The  bones  of  botli  legs 
appear  normal. 

femur,  and  Figures  1.  2.  ?i,  ^  and  6  show  the  changes  in  the  bones  of 
adults  which  followed  peripheral  nerve  injury.  s])astic  ])aralysis.  syringo- 
mvelia,  fracture  and  infectious  disease. 


IV.    CIIAR.\CTF.R     OF     CII.XNGES     IN     AOULTS 

The  initial  atrophic  changes  in  bone  due  tf>  nonuse  of  an  extremity 
are  the  same  regardless  of  the  age  of  the  individuals.  The  ultimate 
result  of  the  changes  in  the  bones  of  an  extremity  which  is  not  used 
is  different  in  the  i)erso;i  who  has  reached  his  complete  growth   from 
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tliat  in  the  person  who  is  in  his  growing  ])erio(l  at  the  time  of  onset 
of  noniise.  In  the  former  instance,  the  process  of  bone  atrophy  is 
operating  ahme.  In  the  latter,  the  process  of  bone  atrophy  is  associated 
witli  tlie  [irocess  of  growth  which  is  inhiliited  but  not  arrested  by 
nonuse. 

The  changes  in  lione  which   result  from  lack  of  use  during  adult 
life   are   such   that   the   general   shape   and  contour   of   the   bone   as   a 


Fig.  16. — Roentgenogram  of  the  bones  of  the  legs  in  Case  14,  made  three 
months  after  those  shown  in  Figure  IS.  Tlie  amount  of  atrophic  change  which 
has  taken  place  may  be  noted. 

whole  are  only  slightly  modified.  The  diameter  of  the  shaft  may  be 
very  slightly  decreased.  The  length  is  not  changed.  The  medullary 
canal  is  increased  in  diameter,  producing  a  corresponding  dimintition 
in  the  thickness  of  the  cortex,  which  after  a  long  period  of  nonuse  is 
reduced  to  a  thin  bone  shell.  The  cancellous  bone  becomes  much 
more  porous,  with  fewer  and  thinner  irabeculac.  After  a  long  period 
of    nonuse,    the    compact    bone    of    the    shaft    becomes    ])orous.      This 
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porosity  explains  tlie  linear  striae  seen  in  the  roentgenogram.  Various 
degrees  of  bone  atrophy  clue  to  nonuse  during  adult  life  are  shown  in 
Figures   1 ,  2,  3.  5  and  6. 

V.     CHARACTER     OF     CHANGES     DURING     PERIOD     OF     GROWTH 

The  changes  in  bone  which  result  from  lack  of  use  during  the 
growing  period  are  of  particular  interest  because  two  distinct  processes 
are  operating  together,  and  the  ulliniate  result  is  a  marked  change  in 
the  shape  and  contour  of  tlic  whole  heme.     The  hone  is  smaller  both 


Fig.  17. — Roentgenogram  of  the  bones  of  the  legs  in  Case  14,  made  fifteen 
months  after  those  shown  in  Figure  IS.  The  further  progress  of  the  atrophic 
changes  may  be  noted.  Compare  the  ilhistrations  witli  the  measurements 
recorded  in  the  description  of  Case  14. 


in  length  and  thickness;  the  decrease  in  thickness  is  more  noticeable 
than  that  in  length.  Furthermore,  the  diminution  in  thickness  is  more 
marked  in  the  shaft  than  in  the  epii)hysis.  producing  an  efifect  of  sudden 
enlargement  at  the  epiphyseal  regions.  The  thickness  of  the  cortex 
rekntive  to  the  diameter  of  the  bone  shows  a  change  whicli  is  small 
compared  with  that  seen  in  bone  atrophy  occurring  during  adult  life. 
Comparative  measurements  of  the  thicknes.ses  of  the  entire  bones  and 
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the  (lianietcrs  of  the  iiieihillary  cati.il>  >h(i\v  tliat  the  medullary  canal 
of  the  noiuised  bone  is  always  larger  compared  with  the  thickness 
of  the  same  bone,  although  it  may  be  actually  smaller  than  the  medullary 
canal  of  the  corresponding  bone  of  the  used  extremity.  There  may 
also  he  a  difference  in  the  shape  of  the  cross  section  of  the  bones, 
comjMiring  used  with  nonused ;  for  example,  the  cross  section  of  a 
normal  used  tibia  is  triangular  in  outline  while  the  cross  section  of  a 
tibia  which  has  not  been  used  during  the  growing  period  more  nearly 
approaches  a  circle. 

The  various  stages  of  the  combined  efifect  on  bones  of  nonuse  and 
growth  .are  shown  in  Figures   17  and   18. 

VI.     EFFECT     OF     NCNUSE     ON     GROWTH     OF     BONE 

The  efifect  of  lack  of  use  on  the  process  of  growth  of  bones  deserves 
special  comtnent.  That  growth  in  length  and  thickness  of  bones  takes 
place  in  complete  absence  of  any  use  whatever  is  generally  known. 
It  is  also  well  recognized  that  lack  of  use  of  one  extremity  during 
the  period  of  growth  will  result  ultimately  in  a  short  extremity.  Two 
catises  of  this  phenomenon  are  possible.  The  bones  may  grow  at  a 
decreased  rate,  or  growth  may  stop  earlier  in  the  nonused  extremity. 
The  distinction  and  relative  importance  of  these  two  factors  have  not 
been  a])preciated. 

h'rom  the  study  of  the  cases  of  nonuse  during  the  period  of  growth, 
it  is  clear  that  lack  of  use  of  an  extremity  results  both  in  inhibition  of 
growth  and  in  an  abnormall}-  early  cessation  of  growth  in  bones. 

For  example,  in  a  case  of  anterior  poliomyelitis  in  which  there  was 
complete  lack  of  use  in  one  extremity  from  four  to  nine  vears,  there 
was  a  difference  of  1.3  cm.  in  the  lengths  of  the  tibias.  In  another 
case  of  poliomyelitis  in  which  there  was  a  complete  unilateral  lack 
of  use  from  four  to  twenty-five  years,  there  was  a  difference  in  the 
lengths  of  the  tibias  of  3.4  cm.  In  a  case  of  fracture  of  the  femur 
in  which  the  disability  extended  from  eight  to  fourteen  years,  the  tibias 
measured  29.8  and  32.3  cm.,  a  dift'erence  of  2.5  cm.  At  this  time  the 
epiphyseal  cartilages  were  present  in  both  tibias.  The  same  patient  was 
studied  again  at  the  age  of  1,^.  at  which  time  the  epiphyseal  cartilage 
was  absent  in  the  atrophied  tibia  and  present  in  the  used  tibia.  The 
tibias  at  this  time  measured  29.9  cm.  and  33.3  cm.,  a  difference  of 
3.4  cm.,  the  increase  in  dift'erence  during  the  ages  of  14  and  15  being 
due  almost  entirely  to  a  cessation  of  growth  in  the  tibia  of  the  non- 
used  extremity  and  a  continuation  of  growth  in  the  tibia  of  the  used 
extremity. 

The  eft'ect  of  the  lack  of  use  during  the  period  of  gr<iwth  on  the 
contour  of  bones  was  typical'y  >Ii(i\\n  in  Case  14.  in   which  the  bones 
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of  the  leg  were  stiulied  fur  a  period  of  thirteen  months  from  the 
beginning  of  tlie  nonuse.  T'ollowing  the  onset  of  the  paralysis,  the 
bones  began  to  change  in  shape.  The  length  increased.  There  was  a 
continuous  diminution  in  the  di.imeter  of  the  shaft.  The  diameters  of 
the  epiphyses  continued  to  increase.  The  bone,  therefore,  in  this  period, 
changed  in  contour  corresponding  to  that  always   found  in  bones  of 


Fig.  18. —  kdciugcii' gram  of  the  bones  of  the  legs  in  Case  15,  a  woman, 
aged  25,  with  complete  paralysis  of  the  left  leg  and  partial  paralysis  of  the  left 
thigh  as  a  result  of  an  attack  of  acute  poliomyelitis  at  the  age  of  4  years. 
The  extremity  had  not  been  used.  The  marked  changes  in  the  bones  of  the 
left  leg  may  be  noted.     Compare  with  Figure  19, 

nonused  extremities  during  the  period  of  growth,  namely,  a  small 
round  shaft  with  relatively  large  flaring  epiphyses  (Figs.  14,  15,  16, 
17  and  18). 

VII.     EFFECT     OF     NONLSE     ON     REGENER.VTION'     OF     HONE 

The  effect  of  bone  atrophy  on  regeneration  of  bone  has  been  pre- 
viously studied  experimentally  by  us.     It  was  found  th.it  bone  atrophy 
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dill  iKil  alU-ct  the  pmcess  nf  hone  regeneration.  The  [jroof  of  tliis 
conciusitm  lias  heen  contirmed  by  this  cHnical  study.  In  Case  12,  in 
which  there  was  repeated  fracture  of  the  femur  associated  with  extreme 
hone  atrophy,  each  fracture  united  ]>romptly  when  apposition  of  frag- 
ments was  secured.  In  another  case  (if  extreme  bone  atrophy  due 
to  twelve  years'  lack  of  use  of  one  lower  extremity  because  nf  tabes 
dorsalis  and  a  Charcot's  hip  jnint,  a  fracture  of  the  femur  produced 
a  large  callus  in   four  weeks. 

N'lii.    rkcovi;rv    from    bone    atrophy 

.\n  apjireciation  of  the  marked  changes  in  the  bones  of  an  extremity 
which  result  from  the  lack  of  u.se  of  this  extremity  naturally  leads 
to  a  consideration  of  the  character  and  quantity  of  changes  which 
may  follow  a  reestablishment  of  function  in  the  extremity.  For  the 
study  of  the  process  of  recovery  from  bone  atrophy,  two  groups  of 
cases  have  been  used.  One  group  consisted  of  cases  in  which  the 
history  made  it  practically  certain  that  the  bones  had  previously  been 
in  a  marked  state  of  atrophy  froni  ndiiuse.  In  these  cases  the  bones 
were  studied  in  comparison  with  a  previous  state  presumed  to  have 
existed  frnm  nur  experience  in  other  cases.  In  a  second  group  of 
cases  the  bones  were  studied  tluring  the  actual  period  of  reestablish- 
ment of  use.  .\  period  of  two  years  is  relatively  short  for  a  studv 
of  the  second  group  of  cases. 

In  Case  16  there  was  an  attack  of  acute  poliomyelitis  at  the  age 
of  1  year,  which  resulted  in  a  complete  permanent  paralysis  of  all 
the  muscles  of  the  leg.  The  patient,  however,  learned  to  walk  during 
childhood  and  continued  to  use  the  extremity  until  she  was  observed 
at  the  age  of  2S  years.  There  was  certainly  a  period  after  the  onset 
of  the  paralysis  in  which  the  Ijniies  of  the  paralyzed  leg  were  markedly 
atrophic.  The  end-results  of  establishment  of  use  of  the  extremity, 
however,  was  that  there  were  only  slight  differences  in  size  and  contour 
of  the  tibia. 

In  Case  11  there  was  lack  of  use  of  one  lower  extremity  for  a 
period  of  about  eight  months  at  the  age  of  6  years  and  a  subsequent 
apparent,  complete  restoration  of  function.  The  patient  was  studied 
at  the  age  of  12  years.  At  this  time  there  was  a  difference  in  the 
size  and  contour  of  the  tibia.  The  disease  process  was  a  "mild"'  osteo- 
myelitis of  the  distal  end  of  the  femur. 

In  Case  12  the  effect  of  one  year's  continuous  use  of  an  extremity 
in  which  the  bones  were  atrophic  from  lack  of  use  were  studied  in 
a  l)oy  between  14  and  15  years  of  age.  During  this  period  there  was 
a  marked  increase  in  the  thickness  of  the  cortex  of  the  shaft.  The 
diameter  of  the  shaft  increased  and  the  diameter  of  the  medullary 
canal    decreased.     The   thickness   of    the   individual    trabeculac   of   the 
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cancellous  bone  increased.  There  was,  however,  no  evidence  of  an 
increase  in  the  number  of  trabeculae  per  unit  of  area.  In  a  case  of 
tuberculosis  of  the  knee  in  a  woman,  aged  30,  who  had  not  used  the 
left  lower  extremity  since  she  was  17  years  old,  roentgenograms  revealed 
marked  atrojjhy  of  all  the  bones  of  the  extremity.  The  left  knee 
was  fixed  in  a  position  of  flexion  at  45  degrees  (Fig.  20).     Tiie  knee 


Fig.  19. — Roentgenogram  of  the  bones  of  the  legs  in  Case  16.  a  woman. 
aged  28,  witli  complete  paralysis  of  the  muscles  of  the  right  leg  and  a  partial 
paralysis  of  the  muscles  of  the  right  thigh  a.s  a  result  of  an  attack  of  acute 
poliomyelitis  at  the  age  of  1  year.  The  patient  learned  to  use  the  extremity 
for  walking,  and  it  has  been  used  continuously  in  spite  of  extensive  paralysis. 
The  bones  of  the  right  leg  show  atrophic  changes,  but  these  changes  arc  much 
less  marked  than  those  found  in  Case  15,  in  which  there  was  an  equal  amount 
of  muscle  paralysis  but  complete  lack  of  use. 


joint  was  excised  and  the  ])atient  was  kept  in  a  cast  for  a  period  of 
six  irionths.  Roentgen-ray  examination  revealed  a  further  progress 
of  the  bone  atrophy.  The  cast  w-as  removed  and  the  patient  began  to 
use  the  extremity.     Roentgen-ray  examinations   were  then   made  at 
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iiitcr\als  fur  a  period  of  two  years.  During  tlie  last  year  the  patient 
was  waliving  on  the  leg  with  no  other  inconvenience  than  a  stiff  knee. 
After  the  reestablishment  of  a  useful  extremity  there  was  a  continuous 
change  in  the  bones.  The  thickness  of  the  cortex  of  the  shafts  of  the 
bones  increased  to  a  marked  degree.  The  trabeculae  of  the  cancellous 
bone  increased  in  thickness.  There  was,  however,  no  evidence  of  the 
formation  of   new   bone  trabeculae   (Fig.  21  ).     The  thickness  of  the 


Fig.  20. — Roentgenogram  of  the  knee  of  a  woman,  aged  30,  showing  marked 
atrophic  changes  associated  with  tul)crculosis  of  the  knee  joint.  Compare  the 
thickness  of  the  cortex  of  the  femur  and  tlic  appearance  of  the  cancellous  bone 
with  tliat   shown   in  Figure  21. 

cortex  of  the  shafts  of  the  bones  still  remained  much  less  than  in  the 
corresponding  bones  of  the  extremity  which  bad  been  continuously 
used  since  birth. 

From  the  study  of  these  and  other  cases,  therefore,  certain  con- 
clusions may  be  drawn  as  to  the  recovery  from  bone  atrophy.  If  the 
lack  of  use  is  during  the  jieriod  of  growth,  there  will  be  permanent 
changes  in  the  size  and  shape  of  the  affected  bones.     The  reestablish- 
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ment  of  use  will  not  result  in  a  sufficiently  increased  rate  of  growth 
to  make  up  for  the  loss  which  has  occurred  during  the  period  of 
nonuse.  It  is  obvious  that  to  bring  this  about  it  would  be  necessary 
for  a  rate  of  growth  above  normal  to  take  place.  If  the  lack  of  use 
is  during  the  adult  period,  the  shape  and  size  of  the  bones  arc  not 
materially  changed,  and  the  reestablishment  of  use  results  in  only  an 
increase  in  the  thickness  of  the  existing  ])arts  of  the  bone.     It  is  partic- 


Fig.  21. — Roentgenogram  of  tlic  >amc  lsi;ci-  sliown  in  Figure  20,  two  years 
later,  during  whicli  time  the  knee  joint  was  resected  and  use  of  the  extremity 
had  been  reestablished.  The  marked  increase  in  thickness  of  the  cortex  of  the 
femur  and  the  increase  in  density  of  the  trabeculae  of  the  cancellous  hone  may 
be  noted. 


ularly  interesting  that  lack  of  use  results  in  a  complete  disa])ijcarance 
of  part  of  the  trabeculae  of  the  cancellous  bone.  On  reestablishment 
of  use,  these  trabeculae  are  not  reformed ;  but  the  existing  trabeculae 
increase  in  thickness  to  a  degree  greater  than  normal.  This  results 
in  the  cancellous  bone  becoming  a  coarser  network  of  struts  of  greater 
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thickness.  Il  is,  therefore,  often  possible  from  examination  of  roent- 
genograms of  bones  to  detect  unmistakable  evidence  of  previous  periods 
of  lack  of  use  and  to  predict  with  some  degree  of  accuracy  the  period 
in  the  patient's  life  during  which  the  extremity  was  not  used.  This 
statement  is  particularly  applicable  to  instances  in  which  the  lack  of 
use  was  unilateral. 

The  changes  in  bones  resulting  from  lack  of  use  and  the  recovery 
from  the  changes  after  the  reestablishment  of  use  have  in  all  instances 
already  referred  to  occurred  as  a  result  of  diseases  of  the  extremities. 
In  a  single  instance  in  which  a  white  woman,  aged  48,  was  confined 
to  bed  for  a  period  of  one  year  incidental  to  repeated  operations  for 
intra-abdominal  disease,  it  was  found  that  all  the  bones  of  the  extremi- 
ties showed  marked  atniphy.  The  fact  that  bone  atrophy  occurs  as 
a  result  of  confinement  in  bed  is  a  matter  of  considerable  clinical 
interest,  particularly  as  it  concerns  children.  The  material  which  has 
been  studied  has  not  been  sufficient  to  permit  drawing  definite  con- 
clusions, except  to  state  that  long  confinement  results  in  atrophic 
changes  in  the  bones. 

IX.     SUMMARY 

It  ma\-  be  stated  that  these  observations  are  evidence  for  the  truth 
of  a  general  theorv  of  bone  atrophy.  Bone  atrophy  and  recovery  from 
bone  atrophy  are  manifestations  of  the  function  of  bone  cells  to  produce 
bone  matrix,  which  is  in  whole  or  in  part  distinct  from  the  function  of 
the  bone  cells  to  regenerate  themselves.  Bone  atrophy  and  recovery 
from  bone  atrophy  are  processes  which  are  not  necessarily  associated 
with  cell  death  or  cell  proliferation.  Regeneration  is  a  process  which 
is  directlv  the  result  of  cell  multiplication. 


EXi'EKIMEXTAL     STUDY     UF     Till';     lIl-.AI.IXc; 
OF     FRACTURES* 

LEONARD    W.    ELY,    M.D. 

SAN    FRANCISCO 

This  Study  was  undertaken  to  clear  up  several  obscure  points  in  the 
process  of  iiealing  of  fractures,  but  ciiiefly  to  ascertain  the  exact  role 
assumed  by  the  periosteum.  Three  sets  of  experiments  were  performed 
on  cats,  and  in  all  the  humerus  was  fractured. 

In  the  first  series,  the  humerus  was  fractured  by  direct  external 
violence,  applied  laterally.  I  used  my  thumb  as  a  fu'.crum,  and,  in  case 
the  bone  was  too  tough  to  be  broken  thus,  I  broke  it  over  the  edge  of  the 
table.  In  the  second  series,  I  made  a  lateral  incision,  dissected  the 
tissues  down  to  the  periosteum,  divided  the  periosteum  circularly,  frac- 
tured the  bone  with  a  Gigli  saw  or  Liston  bone  forceps,  and  sutured 
the  wound.  The  third  series  was  similar  to  the  second,  except  that  the 
periosteum  was  simply  slit  longitudinally  to  give  access  to  the  bone. 

Com])Iete  narcosis  under  ether  was  employed,  and  in  the  open  opera- 
tions due  attention  was  given  to  asepsis.  The  cats  were  killed  at 
intervals.  Cats  16  and  17  with  chloroform,  the  rest  with  illumi- 
nating gas. 

The  fractured  Ixmc,  with  its  ])criosleum,  was  removed  shortly  after 
death,  and  was  fixed  in  from  4  to  10  per  cent,  liquor  formaldehydi,  and 
was  decalcified  in  a  5  per  cent,  solution  of  nitric  acid.  In  the  case  of 
three  cats  (Cats  10,  11  and  12),  the  bones  were  placed  immediately  in 
nitric  acid  solution  by  mistake,  without  previous  fixation.  All  but  these 
three  were  roentgenograjjhed  before  decalcification.  Each  specimen 
was  divided  longitudinally,  was  run  u])  through  the  alcohols  and  ether, 
and  was  mounted  in  celloidin.  Sections  were  cut  and  stained  with 
hematoxylin  and  eosin,  and  with  the  Unna  and  van  Gieson  stains. 

PROTr.COL     OF     F.XPF.RIMENTS 
FIRST  series:  simple  fracture  by  direct  violence 

Experiment  1. — Cat  1.  a  large  sized,  adult  animal,  was  killed  with  illumi- 
nating gas.  four  days  after  the  fracture.  Marked  ecchyniosis  was  revealed  when 
the  cat  was  .skinned.  There  was  marked  displacement  of  the  fragments,  with 
overriding.  The  bone  was  removed,  together  with  the  surrounding  tissues,  and 
was  sectioned  longitudinally.  One  half  the  specimen  was  decalcified,  embedded, 
cut  and  stained. 

The  stained  slide  showed  no  overriding,  hut  slight  lateral  displacement. 
The  Iwnes  were  situated  end  to  end.  The  marrow  canal  of  one  was  open,  but  the 
knife  had  caught  the  other  bone  obliquely  so  that  its  cortex  shut  off  its  canal  on 
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tlic  slide.  In  the  tissues  abmit  the  ends  of  both  Ixmes  was  niiu-li  libriii,  and  a 
mass  of  fibrin  in  which  were  one  or  two  bone  spicules  separated  the  two.  The 
surrounding  tissues  showed  cellular  infiltration. 

Fragment  znlh  the  Open  Canal. — The  lymphoid  marrow  appeared  as  a  band 
on  each  side  of  the  canal,  plugging  up  the  end,  with  the  fatty  marrow  in  the 
center.  A  layer  of  fibrin  also  lay  partly  across  the  end  of  the  canal.  The  peri- 
osteum showed  two  distinct  layers  of  about  equal  thickness,  an  inner,  or  cellular, 
and  an  outer,  or  fibrous  layer.  It  ended  a  short  distance  from  the  fractured 
e.\tremity,  leaving  the  cortex  bare.  The  outside  of  the  cortex  on  one  side 
was  irregular  and  notched,  and  showed  an  irregularity  of  staining  reaction,  as 
if  it  were  already  being  attacked,  and  it  looked  as  if  the  formation  of  Howship's 
lacunae  were  beginning,  but  no  giant  cell  osteoclasts  were  in  evidence.  This 
observation,  if  correctly  made,  would  indicate  that  the  so-called  osteoclasts  were 
not  the  cause  of  the  osteoclasis,  but  the  result. 

Fragment  witli  the  Closed  End. — This  contained  lymphoid  marrow.  The  cor- 
tex was  covered  with  periosteum  in  two  distinct  layers,  the  inner  increasing 
markedly  in  thickness  toward  the  end  of  the  bone.  The  marrow-  canal  con- 
tained many  bone  trabeculae. 

Summary. — The  ends  of  the  fragments  were  buried  in  fibrin.  There  was  an 
aggregation  of  lymphoid  marrow  at  the  circumference  of  the  marrow  canal  of 
one  fragment.     The  periosteum  lay  in  two  distinct  layers. 

Experiment  2. — Cat  2,  a  full  grown  cat,  was  killed  with  illuminating  gas, 
eight  days  after  the  fracture.  There  was  no  sign  of  epiphyseal  cartilage  in 
the  head  of  the  humerus.  Less  ecchymosis  was  present  than  in  the  first  cat, 
and  that  only  about  the  elbow  and  fore  leg.  There  was  much  overriding  of 
the  fragments.     The  bone  was  removed  with  the  surrounding  tissue. 

Two  sets  of  slides  were  made.  Each  set  showed  one  bone  cut  longitudinally, 
with  its  marrow  canal  open  on  the  end,  and  the  other  cut  diagonally,  with  its 
marrow  canal  closed  by  hone.  Evidently,  each  fragment  was  cut  fairly  in 
one  set  of  slides.  One  of  the  fragments  showed  splintering.  The  two  frag- 
ments overlapped.  Remains  of  hemorrhage  were  present  at  their  ends.  The 
ends  were  surrounded  by  granulation  tissue,  and  this  granulation  tissue  ran 
for  a  very  short  distance  into  the  marrow  canal  as  if  to  plug  it  up.  The  tips 
of  the  cortex  showed  well  marked  so-called  rarefying  osteitis. 

The  behavior  of  the  periosteum  was  peculiar.  At  some  distance  from  the 
fracture,  it  left  the  bone,  the  space  between  the  two  gradually  widening,  and 
showing  distinct  evidence  of  new  bone  trabeculae.  The  periosteum  of  one  of 
the  fragments  was  notable  because  of  the  presence  in  it,  or  in  its  immediate 
vicinity,  of  well  marked  hemorrhage.  This  line  of  hemorrhage  made  the  course 
of  the  periosteum  more  distinct.  It  was  not  diffuse,  but  followed  the  periosteum 
closely.  At  a  short  distance  from  the  broken  end.  the  fibers  of  the  peri- 
osteum diverged  from  one  another,  and,  just  before  the  end  of  the  bone  was 
reached,  they  were  lost  in  the  granulation  tissue.  No  bone  tralieculae  appeared 
within  the  cortex. 

The  foregoing  holds  good  for  one  fragment — the  clean  cut  one.  The  splin- 
tered fragment  showed  a  rather  different  picture.  The  periosteum  was  not  so 
easily  recognized,  and  no  bone  trabeculae  appeared  under  it,  e.reef't  at  some 
diilanee  from  the  end.  New  bone  trabeculae  were  abundant  on  the  inside  of 
the  cortex. 

Summary. — Granulation  tissue  surrounded  the  bone  ends.  There  was  begin- 
ning bone  formation  on  the  outside  of  the  cortex  of  one  fragment  and  on  the 
inside  of  the  cortex  of  the  other. 


Fig.  1. — A.  normal  humerus  of  Cat  1 ;  B,  fractured  humerus  of  Cat  1  after 
removal. 


Fig.  2. —  .-}.  >i,.M..-.  .....   cut  from  normal  huiiurio  ui  Cai  1  ,  IJ,  stained  slide 

cut  from   fractured  humerus  of  Cat  1. 
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I'.xi'KniMicNT  3. — Cat  J  was  killed  with  illuminating  gas,  thirteen  days  after 
the  fracture.  There  was  no  ecchymosis.  Thickening  was  present  about  the 
seat  of  fracture,  hut  apparently  there  was  less  overriding  than  in  Cats  1  and  2. 
There  was  free  motion.  The  bone  was  removed  with  the  surrounding  tissue, 
and  sectioned  longitudinally. 

One  of  the  bones  had  been  caught  liy  the  knife  in  such  a  way  that  it 
appeared  as  a  sttiall  point  of  bone  slightly  overlapping  the  irregular  fractured 
end  of  the  other  fragment.  The  two  fragments  were  bound  together  by  a 
mass  of  fibrous  tissue  and  cartilage ;  and  in  this  fibrous  and  cartilaginous 
tissue,  the  formation  of  In  me  traljeculae  was  well  advanced.  Small  spicules 
of  hone,  evidently  fractured  at  the  time  of  operation,  could  be  seen  here  and 
there.  The  new  trabeculae  were  especially  abundant  on  the  outside  of  the 
corte.x,  immediately  lieiu-ath  the  periosteum.    They  capped  the  pointed  fragment. 


Fig.  3. — .-i,  fractured  humerus  of  Cat  2;  B,  stained  slide  cut  from  fractured 
humerus  of  Cat  2. 


and,  on  the  other  fragment,  they  were  especially  numerous  on  the  far  side 
of  the  cortex.  In  the  latter  fragment  the  formation  of  internal  callus  was 
beginning,  not  on  the  inner  aspect  of  the  cortex  but  in  the  marrow  canal  itself. 
One  small  fractured  spicule  of  bone  showed  the  formation  of  new  trabeculae 
on  its  borders. 

Stiniiiwry. — The  fragments  were  bound  together  by  fibrous  and  fibrocar- 
tilaginous tissue,  in  which  new  bone  was  forming.  New  trabeculae  were  espe- 
cially numerous  on  the  outside  of  the  cortex.  There  was  some  new  bone  for- 
mation within  the  canal  of  one   fragment — so-called  internal  callus. 

Exi'ERiMENT  4. — Cat  4  was  killed  with  illuminating  gas,  sixteen  days  after 
fracture.  There  were  slight  remains  of  ecchymosis,  thickening  about  the  seat 
of  fracture  and  marked  overriding.  The  bone  was  removed  with  the  surround- 
ing tissue,  and  sectioned  longitudinally. 


Fig. 
huincru 


4.— A.  fractured  humerus  of  Cat  3;  li,  stained  slide  cut  from  fractured 
5  of  Cat  3. 


Fig.  5. — A,  fractured  humerus  of  Cat  4;  R,  stained  slide  cut  from  fractured 
humerus  of  Cat  4. 
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Examinalion  of  SUiinrd  Sliilr. — The  kiiifi;  hail  caught  one  fragment  fairly, 
but  the  other  fragment  evidently  was  sijlit.  The  two  fragments  had  overriden 
about  1.5  cm.  Dense  bone  almost  shut  off  the  marrow  canal  of  the  fragment 
caught  fairly.  This  was  evidently  due  to  diagonal  sectioning,  because  it  was 
not  new  bone.  At  the  end  of  each  fragment  was  a  mass  of  fibrous  tissue  con- 
taining rifts.  Almost  capping  one  fragment  and  extending  well  over  on  its  far 
cortex  was  a  large  mass  of  cartilage.  A  much  smaller  area  appeared  on  its 
near  cortex,  about  a  centimeter  from  its  fractured  end,  and  a  still  smaller  piece 
on  the  outside  of  the  far  cortex  of  the  other  fragment,  about  0.5  cm.  from  its 
fractured  end.  Cartilage  and  fibrous  tissue  thus  united  the  two  fragments 
fairly  firmly. 


Fig.  6. — A.  fractured  hmr.eru 
humerus  of  Cat  S. 


stained  slide  cut  from  fractured 


New  bone  trabeculae  were  forming  on  the  outside  of  the  cortex  of  both 
fragments,  springing  from  it,  as  it  were,  not  only  in  the  masses  of  cartilage  but 
also  in  and  under  the  periosteum.  Bone  trabeculae  were  also  forming  on  the 
inside  of  the  cortex — internal  callus. 

Summary. — The  fractured  bones  were  united  by  cartilage  and  fibrous  tissue, 
in  which  new  bone  trabeculae  were  fonning.  There  were  indications  of  internal 
callus  in  the  marrow  canals  of  both  fragments,  but  this  internal  callus  appar- 
ently played  no  effective  part  in  the  union. 

Experiment  5. — Cat  5  was  killed  with  illuminating  gas,  twenty  days  after 
fracture.  There  was  considerable  thickening  at  the  seat  of  fracture  with  a 
little  motion. 

Examination  of  the  Slainc(t  Slide. — The  two  fragments,  overlapping  about 
6  or  8  nun.  and  sejiarated  by  an  interval  of  abo-.it  3  mm.,  were  bound  together 
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by  a  fusiform  mass  of  fibrous  tissue  containing  large  and  small  islands  of  car- 
tilage. Close  to  the  bone  cortex  in  jilaccs,  ossification  was  beginning  in  this 
mass  of  new  tissue,  only  to  a  minimal  extent  on  one  of  the  two  apposed  cor- 
tices, but  to  a  much  greater  extent  on  the  outside  of  the  far  cortex  of  each 
fragment.  In  the  latter  situation,  intracartilaginous  bone  formation  between 
the  corte.x  and  the  periosteum  was  active  and  well  advanced.  New  bone 
trabeculae  were  abundant  in  the  marrow  canal  of  each  fragment  in  the  neigh- 
borhood of  its  fractured  e.xtremity — the  so-called  internal  callus.  Continuous 
with  the  end  of  one  corte.\  only  new  bone  was  being  built  up,  apparently  out 
of  the  fibrous  tissue  which  embedded  the  end  of  the  fragment.  There  were  small 
rifts  in  the  welding  fibrous  tissue. 

Siiiiiiiiary. — The   overlapping   bones  ended   in   a  mass   of   fibrous   tissue   and 
cartilage,  which  surrounded  them  like  a  plumber's  wined  joint.     New  bone  was 


Fig.  7. — A,  fractured  1. 
humerus  of  Cat  6. 


d  slide  cut  from  fractured 


being  built  up  in  this  fibrous  tissue  and  cartilage.  Internal  callus  was  present 
in  each  marrow  canal,  but  seemed  to  play  no  essential  part  in  the  process  of 
healing.  • 

Experiment  6. — Cat  6,  a  small.  api)arently  young  cat,  was  killed  with  illu- 
minating gas,  twenty-four  days  after  fracture.  The  fragments  showed  niarkcil 
overriding,  and  had  no  stability. 

Exainiiiation  of  the  Stained  Slide. — The  fragments  overrode  about  1  cm. 
The  end  of  one  fragment  was  open;  the  end  of  the  other  was  closed  off  by 
bone,  evidently  the  bone  of  the  old  cortex  caught  by  the  knife  at  an  oblique 
angle.  Between  the  two  fragments  lay  a  mass  of  cartilage,  fibrocartilage  and 
fibrous  tissue.  Fibrous  tissue  lay  over  the  open  end  of  one  fragment,  a  cap  of 
cartilage  over  the  closed  end  of  the  other.  In  these  two  situations,  new  bone 
formation  was  beginning.  It  was  also  beginning  in  the  cartilage  in  the  angle 
where  the   periosteum   kit   the  cortex  of  om-   irat'iiniit   lo   pass   .qcro^s  lo  that 
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of  the  otluT,  and  externally  on  the  cortex  on  the  tar  side  of  one  fragment. 
No  indication  of  internal  callus  was  present.  A  small  fragment  of  bone  lay 
at  a  short  distance  from  the  end  of  the  closed  fragment.  It  was  probably 
part  of  a  splinter.  0>t  it  neiv  bone  ti'ds  beiiui  formed.  A  large  cleft  or  series 
of  clefts  ran  from  the  end  of  one  fragment,  part  way  over  to  the  other  frag- 
ment in  the  fibrous  tissue  between  the  two  bones. 

Sumviary. — The  bones  were  united  by  tibrous  tissue  containing  masses  of 
cartilage,  especially  in  the  immediate  vicinity  of  the  cortices.  The  marked 
instability,  together  with  the  presence  of  the  rifts  in  the  fibrous  tissue,  indicated 
that  perhaps  a  false  joint  was  in  process  of   formation. 

Experiment  7. — Cat  7.  a  small,  probably  youns  animal,  was  killed  with 
illuminating  gas,  twenty-eight  days  after  the  fracture.  There  were  marked 
overriding  of  the  fragments  and  free  motion. 


Fig.  8. — A,  fractured  humerus  of  Cat  7:  B.  stained  slide  cut  from  fractured 
humerus  of  Cat  7. 


Exaininalion  of  the  Stained  Slide. — The  overlappint;  fragments  were  bound 
together  by  a  dense  mass  of  fibrous  tissue  and  fibrocartilage  which  extended 
well  over  the  end  of  each  fragment.  Hyaline  cartilage  was  also  present  in  this 
mass,  especially  near  the  cortex.  The  end  of  one  fragment  was  comminuted. 
In  this  hyaline  cartilage,  close  to  the  cortex,  bone  formation  had  begun,  not 
only  on  the  two  cortices  facing  each  other,  but  also  to  a  lesser  extent  on  the 
cortex  on  the  far  side.  A  few  new  trabeculae  were  visible  in  the  marrow,  here 
also  apparently  being  formed  from  cartilage  and  fibrocartilage^the  so-called 
internal  callus.  The  new  bone  on  the  outside  of  the  far  cortex  was  forming 
under  the  fibrous  periosteutn  in  a  sort  of  spindle  shaped  callus. 

Sitnnnary. — There  was  cartilaginous  callus,  with  bone  formation  beginning 
close  to  the  corte.x. 
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Experiment  8. — Cat  8.  a  very  large,  full  grown  cat.  was  killed  with  illumi- 
nating gas,  thirty-five  days  after  fracture.  Considerable  overriding  of  the  frag- 
ments was  present,  and  a  little  motion.     Lnion  seemed  to  ])e  well  advanced. 

Examination  of  the  Stained  Slide.  —  The  overriding  of  the  fragments 
amounted  to  about  1.5  cm.  The  marrow  canal  of  one  fragment  was  open,  that 
of  the  other  was  closed  off  by  bone;  but  whether  this  was  new  bone  or  the  old 
cortex  cut  obliquely  it  is  impossible  to  say.  A  mass  of  cartilage  lay  between 
the  two  overriding  fragments,  and  over  the  end  of  them.  This  cartilage  was 
being  ossified  from  each  cortex.  The  ossification  had  proceeded  to  such  an 
extent  that  fairly  well  fonned  marrow  lay  among  the  new  trabeculae.  Consider- 
able internal  callus  was  seen  in  the  open  ended  fragment  which  ai)peared  to 


Fig.  9. — A.  fractured  humerus 
humerus  of  Cat  8. 


)f  Cat  8;  /?.  stained  slide  cut  from  fractured 


have  no  connection  with  the  external  callus.  No  evidence  appeared  of  any 
effort  at  remodeling  the  fragments,  except  in  the  closed  off  end  of  one,  where 
new  blood  vessels  apparently  were  pushing  into  the  bone,  and  causing  an  absorp- 
tion, but  without  any  evidence  of  so-called  rarefying  osteitis. 

The  periosteum  had  suffered  in  the  cutting,  but  it  could  be  fairly  well  traced 
from  the  far  side  of  the  cortex  of  one  fragment,  covering  the  new  bone  in 
that  situation,  and  then  across  the  new  cartilage  and  bone  formation  almost 
to  the  other  fragment.  The  periosteum  on  the  far  side  of  the  other  cortex 
was  practically  without  reaction  and  ended  shortly  after  leaving  the  bone,  from 
which  it  had  been  stripped  for  about  a  centimeter.  This  was  probably  due  to 
the  cutting  of  the  block. 
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Sitiniiimy. — Tlie  fragments  were  fairly  firmly  welded  together  by  a  cartilagi- 
nous callus  in  which  bone  formation  was  well  advanced.  The  periosteum  did 
not  appear  to  play  any  active  part  in  the  union. 

KxPERiMENT  9. — Cat  9,  a  large,  full  grown  animal,  was  killed  with  illumi- 
nating g^s,  forty-two  days  after  the  fracture.  There  was  thickening  about  the 
seat  of  the  fracture,  and  apparently  firm  bony  union. 

B.ramination  of  Stained  Slide. — The  two  fragments,  overriding  about  I  cm., 
were  closed  oft  at  their  ends  by  old  bone.  This  closure  was  evidently  due  to 
the  obliquity  of  the  cutting  knife.  They  were  united  by  a  mass  of  cartilage, 
in  wdiich  new  bone  formation  was  fairly  well  advanced  and  over  which  peri- 
osteum stretched.     Bone  forma'^ion  was  especially  noticeable  close  to  the  cortex 


Fig.  10. — A,  fractured  humerus  of  Cat  9; 
humerus  of  Cat  9. 


cut  from  fractured 


in  the  angle  where  the  stripped-up  periosteum  left  it  to  pass  over  to  the  other 
bone,  but  the  periosteum  itself  was  apparently  not  taking  any  active  part  in 
the  bone  formation.  The  inass  of  ossifying  cartilage  extended  over  the  tips  ot 
the  fragments.     No  evidence  of  any  internal  callus  was  seen. 

Summary. — The  overriding  fragments  were  firmly  welded  by  a  mass  of  car- 
tilage well  advanced  in  ossification.  The  periosteum  did  not  seem  to  be  taking 
any  part  in  the  process. 

E.XPERIMENT  10.— Cat  10.  an  adult  animal,  was  killed  with  illuminating  gas, 
forty-nine  days  after  fracture.  Marked  lateral  displacement  was  present,  and 
more  than  a  centimeter  of  overriding.  One  sharp  fragment  seemed  to  have 
punctured  the  periosteum.     The  fragments  moved  a  little  on  each  other. 

XoTE :  Instead  of  being  put  in  lif|uor  formaldchydi,  the  specimen  was  put  in 
5  per  cent,  nitric  acid  immediateK.  li\  mistake,  and  remaineil  in  it  for  four 
weeks. 
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Examination  of  Stained  Slidi\ — The  fragments  overrode  to  the  extent  of 
about  1.5  cm.  The  end  of  each  was  closed  off  by  dense  fibrous  tissue,  under- 
neath which  was  a  rather  thin  layer  of  newly  formed  hone.  In  the  fibrous  tis- 
sue were  rifts.  In  the  central  marrow  canal  of  one  bone  and  on  the  inner 
aspect  of  the  cortex  of  the  other,  new  trabeculae  were  present — an  indication 
of  internal  callus. 

The  two  fragments  were  bound  together  l)y  a  <lonse  tissue,  part  of  which 
was  fibrous,  and  the  rest  looked  like  cartilage  under  low  power  magnification, 
but  contained  no  cartilage  cells  that  could  be  distinguished.  New  bone  trabeculae 
were  being  formed  in  this  tissue  at  its  junction  with  the  cortex. 


Fig.   11. — A.   fractured  humerus  of  Cat  10,  subsequent  to  decalcification; 
stained  slide  cut  from   fractured  humerus  of  Cat  10. 


Sunintary. — There  was  fibrous  and  cartilaginous  callus  in  which  bone  forma- 
tion was  advancing.   The  state  of  the  specimen  precluded  arriving  at  finer  details. 

E,xPERi.MEXT  11. — Cat  11,  a  small  animal  but  apparently  an  adult,  was 
killed  with  illuminating  gas,  fifty-seven  days  after  the  fracture.  There  was 
marked  deformity  at  the  seat  of  the  fracture  but  apparently  solid  bony  union. 

Note:  Instead  of  being  put  into  liquor  formaldeliydi,  the  specimen  was  put 
into  5  per  cent,  nitric  acid  by  mistake  and  remained  in  it  for  three  weeks. 

Examination  of  Sininrd  Slidf. — The  ends  of  both  fragments  were  pointed, 
bone  shutting  ofT  their  marrow  canals,  but  this  was  probably  an  artefact,  caused 
by  the  angle  of  the  microtome  knife.  They  were  welded  together  by  a  fusiform 
tnass  of  cartilage  well  advanced  in  ossification.  The  fragments  themselves  were 
separated  by  an  interval  of  about  0.5  cm.     Over  the   fusiform  mass  the  peri- 
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osteum  stretched.  Tlie  new  bono  was  especially  abundant  in  tbc  immediate 
vicinity  of  the  cortex,  and  ossification  was  also  well  advanced  in  the  angle 
where  the  periosteum  left  the  bone  at  a  short  distance  from  its  end.  but  the 
periosteum  itself  did  not  appear  to  be  taking  any  active  part  in  the  new  bone 
formation.  In  the  cartilage,  blood  vessels  could  be  seen,  giving  a  picture 
analogous  to  that  seen  in  an  epiphysis  when  ossification  is  taking  place.  The 
mass  of  bone  and  cartilage  lay  between  the  bones,  as  well  as  about  their  ends. 
There  was  no  indication  of  any  internal  callus. 

Simuiiiiry. — Firm  union  had  been  accomplished  by  ossification  of  cartilaginous 
callus.     In  this  union  the  periosteum  appeared  to  be  taking  no  active  part. 

ExPERiMEiNT  12. — Cat  12,  a  verj-  large  animal,  was  killed  with  illuminating 
gas,  sixty-three  days  after  tlie  fracture.  Considerable  deformity  was  present 
at  the   seat  of   fracture,   with   solid   union. 


Fig.  12. — A,    fractured    humerus    of    Cat    11,    subsequent    to    decalcification; 
B,  stained  slide  cut  from  fractured  humerus  of  Cat   II. 


Note:  Like  the  two  preceding,  this  specimen  also  was  put  into  5  per  cent, 
nitric  acid  immediately,  by  mistake,  and  remained  in  it  for  three  weeks. 

Exainination  of  Sta'.ncd  Slide. — The  two  fragments  overlapped  for  about 
2  cm.  The  end  of  one  had  been  caught  obliquely  by  the  microtome  knife  so 
that  the  cortex  appeared  to  close  the  end  of  the  central  marrow  canal.  The 
marrow  canal  of  the  other  fragment  had   been  closed  off  by  new  bone. 

The  ends  of  the  fragments,  not  in  close  apposition,  were  united  by  new 
bone  and  by  partly  ossified  cartilage,  and  the  cortex  of  each  fragment  con- 
tiguous to  this  imiting  tissue  was  opening  up,  that  is,  was  being  converted 
into  spongy  bone,  so  that  evidently  the  marrow  canals  of  the  two  fragments 
already  communicated  through  the  hone  nieslnvork.     \o  evidences  of  so-called 


Fig.    \3.  — ./,    ;;,.>L..n  1    liuincrus   of   Cat    12,    subsequent    to   decalcification; 
B,  stained  slide  cut   from   fractured  liunierus  of  Cat   12. 


Fig.  14.—,-/,  fractured  humerus  of  Cat  13;  B.  stained  slide  cut  from  fractured 
humerus  of  Cat  13. 
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rarefying;  osteitis  were  present,  liovvever.  In  the  immediate  vicinity  of  this 
part  of  the  cortex,  the  marrow  canal  of  one  fragment  showed  the  new  bene 
trabecniae  of  the  internal  callus,  but  not  the  marrow  canal  of  the  other.  All 
about  the  closed  end  of  the  other  fragment,  bone  trabecniae  were  forming  in 
fibrous  tissue. 

Summary. — New  bone  from  cartilage  and  fibrous  tissue  united  the  frag- 
ments laterally.  There  was  rearrangement  of  the  bony  architecture.  The  role 
of  internal  callus  was  insignificant.  The  role  of  the  periosteum  was  hard  to 
distinguish. 

ExPERiMiiNT  13. — Cat  l.i  a  large  animal,  was  killed  witli  illuminating  gas, 
seventy-one  days  after  the  fracture.  Marked  thickening  was  present  at  the 
site  of  fracture,   with   overriding  and   firm  bony  union. 


Fig.  15, — A,  fractured  humerus  of  Cat  14;  B,  stained  slide  cut  from  fractured 
humerus  of  Cat  14. 


Examination  of  Stained  Slide. — The  fragments  overrode  for  about  O.S  cm. 
and  were  separated  laterally  about  the  same  amount.  They  were  united  lat- 
erally by  a  mass  of  newly  formed  bone,  some  of  which  was  not  yet  completely 
ossified.  No  cartilage  could  be  detected  in  this  bone.  The  new  bone  covered 
the  end  of  each  fragment  like  a  cap,  and  apparently  its  blood  vessels  com- 
tuunicated  with  those  in  the  marrow  canals  in  the  fragments. 

Summary. — New  bone  united  the  overlapping  fragments  laterally. 

Experiment  14. — Cat  14,  a  rather  small  animal,  was  killed  with  illuminat- 
ing gas,  seventy-seven  days  after  the  fracture.  There  was  overriding  of  the 
bone  ends,   with   firm   union. 
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Examination  of  Stained  Slide. — The  two  fragments,  overlapping  for  about  a 
centimeter,  had  been  firmly  united  by  a  mass  ot  hone  developed  from  cartilage, 
laid  down  between  their  overlapping  cortices.  The  bone  development  was  not 
yet  completed,  because  a  large  amount  of  cartilage  was  still  mixed  up  with  the 
bone  tissue,  and  rearrangement  of  the  bone  trabeculae  w-as  still  progressing. 
Owing  to  the  fact  that  one  fragment  had  been  caught  obliquely  by  the  microtome 
knife,  its  architecture  could  not  be  well  made  out;  but  study  of  the  end  of 
the  other  fragment  demonstrated  that  the  end  of  the  cortex  facing  the  first 
fragment  had  been  torn  down,  and  that  s|)ongy  and  irregular  bone  had  replaced 
it,  showing  that  its  presence  was  no  longer  necessary.  The  cortex  on  the  far 
side  near  its  end  had  suffered  slightly,  and  in  one  limited  area  was  being  replaced 


Fig.  16. — A,  fractured  humerus  of  Cat  1.^;  li.  stained  slide  cut  from  fractured 
humerus  of  Cat  15. 


by  spongy  bone.     In  this  exact  place  new  bone  had   been  built   up  beneath  the 
periosteum  on  the  outside  of  the  cortex. 

Summary— The  overlapping  ends  of  the  fragments  were  united  firmly  by 
new  bone,  chiefly  developed  from  cartilage.  The  architecture  of  the  cortex  was 
being  rearranged. 

SECOND     SERIE.S 

Whh  Cat  1.^  begin.s  a  new  .series  of  operations.  An  incision  was 
made  on  the  lateral  aspect  of  tlie  fore  leg  and  tlie  dissection  was 
carried  to  the  periosteum.     This  was  divided  circularly,  and  the  bone 
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was  fractured  either  with  a  (iigh  saw  or  Listun  bone  forceps.  The 
wciuiul  was  then  sutured,  and  a  sterile  dressing  was  applied.  Infection 
occurred  onlv  once  in  the  series. 

E.XPKRIMKNT  15.- — Cat  IS,  a  large,  full  grown  animal,  was  killed  with  illumi- 
nating gas  si.xty-five  days  after  the  fracture.  .\n  incision  had  been  made  down 
to  the  bone;  also  an  attempt,  not  very  successful,  had  been  made  to  divide 
the  periosteum.  The  bone  had  been  fractured  with  Liston  bone  forceps.  Deep 
and  superficial  sutures  had  been  made  and  collodion  applied. 

Free  motion  was  present  at  the  seat  of  fracture,  with  overriding.  There 
was  no  sign  of  union. 


Fig.  17. — ./.  fractured  humerus  of  Cat  16;  B,  stained  slide  cut  from  fractured 
humerus  of   Cat   16. 

Exaiiiinalion  of  Slaiitcd  Slide. — The  specimen  had  been  caught  at  an  unsat- 
isfactory angle  by  the  microtome  knife.  One  fragment  showed  its  medullary 
canal,  and  in  this  canal  new  bone  trabeculae  could  be  seen.  The  other  fragment 
showed  the  central  medullary  canal  only  at  its  extreme  end,  and  here  the  new 
bone  trabeculae  were  so  abundant  that  they  practically  shut  off  the  end  of  the 
canal.  At  the  end  of  one  cortex  of  the  latter  fragment,  a  cap  of  new  bone 
was  being  formed  out  of  cartilage.  Each  fragment  showed  new  intracar- 
tilaginous  bone  formation,  generally  in  irregular  knobby  areas  on  the  outside 
of  each  cortex,  but  there  was  no  bridge  of  bone  and  cartilage  connecting  the 
two  fragments.  On  the  outside  of  the  cortex,  the  regular  strips  of  new  peri- 
osteal bone  were  missing,  which  were  evident  in  the  first  series  of  operations. 
Irregular  fibrous  tissue  covered  the  end  of  each   fragment  and  bound   the  two 
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fragments  together :  but,  except  iiuniediately  contiguous  to  the  cortex,  no  new 
bone  or  cartilage  could  be  discerned  in  this  fibrous  tissue.  Through  this  con- 
necting tissue  and  running  across  diagonally  from  bone  to  bone  was  a  large 
cleft,  or,  better  expressed,  a  series  of  clefts.  The  walls  of  this  cleft  were 
irregular  and  in  places  showed  well  marked  villous  appearance,  but  no  definite 
cartilage. 

Suwmary. — There  was  formation  of  a  false  joint.  The  bones  were  united 
by  fibrous  tissue,  and  in  this  fibrous  tissue  was  a  series  of  rifts. 

E.xPERiMEXT  16. — Cat  16,  a  large  adult  cat,  was  killed  with  chloroform, 
eleven  days  after  the  fracture.  An  incision  was  made  as  in  Cat  IS.  Dissection 
was  carried  down  almost  to  the  bone.  .-\n  aneurysm  needle  was  passed  about 
the  bone,  including  some  muscle  tissue  and  the  periosteum.  A  (jigli  saw  passed 
in  the  track  of  the  aneurysm  needle  divided  the  bone  and  periosteum. 


Fig.  18. — .-/,  fractured  humerus  of  Cat  17;  />',  stained  slide  cut  from  fractured 
humerus  of  Cat  17. 


The  wound  became  infected,  and  the  cat  was  killed.  The  old  wound  was 
opened,  revealing  a  large  subcutaneous  pocket  of  pus.  Whether  or  not  this 
pus  pocket  communicated  with  the  fracture  was  not  determined.  The  frag- 
ments had  overridden  noticeably.  The  distal  end  of  the  proxiinal  fragment  was 
down  almost  level  with  the  condyles.  The  fragments  moved  freely  on  one 
another,  and  showed  no  sign  of  union. 

The  bones  were  removed,  together  with  the  surrounding  tissues,  were  washed 
and  then  put  into  liquor  formaldehydi. 

Exaiiiiiialioii  of  Stained  Slide. — The  ends  of  the  bones  overlapped  about 
1.5  cm.,  and  were  bound  together  by  a  dense  hyaline,  fibrous  tissue  which 
appeared  to  be  metamorphosing  into  cartilage,  although  no  distinct  cartilage 
cells  could  be  seen  in  it.  The  marrow  canals  of  both  fraginents  were  open. 
That  of  one  fragincnt  was  closed  off  by  the  hyaline,  fibrous  tissue :  but  as 
to  the  other  canal  nothing  could  be  said,   for  everything  had  been  cut  by  the 
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kiiit\'.  down  to  llu-  end  of  llu-  lione.  In  llit-  tihrous  tissue,  and  running  almost 
parallel  with  the  hones  but  slightly  obliquely,  was  a  distinct  rift,  as  if  a  joint 
were  being  established.  In  the  fibrous  tissue  on  the  apposed  cortices,  new 
bone  forn:ation  was  beginning,  but  on  the  cortices  on  the  far  side,  no  new 
bone  was  present,  nor  was  there  any  evidence  of  the  formation  of  an  internal 
callus. 

Sutiimary. — There  was  probable  infection.  Ai>parently  a  false  joint  was  in 
the  process  of   formation. 

Experiment  17. — Cat  17  was  killed  with  chloroform,  fifteen  days  after  the 
fracture.  The  operation  was  the  same  as  that  performed  on  Cat  16  except 
that  the  saw  broke  during  the  operation,  and  the  division  of  the  bone  was 
completed  with  Listen  bone  forceps. 

The  wound  broke  down  and  suppurated,  necessitating  chloroforming  the 
cat  after  fifteen  days.  The  bones  were  removed,  with  the  surrounding  tissue. 
They  had  overridden,  and  the  distal  end  of  the  proximal  fragment  was  at  about 
the  level  of  the  condyles.     There  was  no  sign  of  union,  ajid  very  free  motion. 

Examination  of  Stained  Slide. — Both  fragments  had  been  caught  at  p.n  angle 
by  the  inicrotome  knife,  so  that  exact  details  were  hard  to  determine,  but  no 
union  had  taken  place,  and  apparently  the  only  effort  at  it  was  represented  by 
a  small  amount  of  external  callus  on  each  cortex  of  each  bone.  There  was  an 
open  space  between  the  fragments  lined  by  a  tissue  that  had  very  much  the 
appearance  of  synovial  membrane. 

Siinmtary. — Supi)uration  was  present,  and  there  was  practically  no  attem])t 
at   union. 

Experiment  18. — Cat  18  was  killed  forty-five  days  after  the  fracture.  There 
was  circular  division  of  the  periosteum  as  with  Cat  16,  with  division  of  the 
bone  by  a  Gigli  saw.  When  the  cat  was  killed,  the  fragments  were  apparently 
tirndv  united   in  the  presence  of  much  callus. 

Examination  of  Stained  Slide. — The  two  fragments  overlapped  about  1.5 
cm.  They  were  about  1  cm.  apart  laterally,  and  their  marrow  canals  were 
closed  oflf  by  a  very  thin  layer  of  new  bone.  This  thin  layer  of  bone  was 
evidently  being  thickened  up,  for  further  intracartilaginous  bone  development 
could  be  seen  going  on  outside  of  it.  One  fraginent  showed  a  few  scattered 
trabeculae  in  its  medullary  canal,  but  neither  fragment  showed  any  internal 
callus  in  the  shape  of  new  bone  on  the  inside  of  the  cortex.  There  was  prac- 
tically no  bone  formation  on  the  far  side  of  the  external  aspect  of  either  cortex. 
The  two  fragments,  about  a  centimeter  apart,  were  joined  by  a  dense  mass  of 
new  bone  and  cartilage,  that  is,  by  cartilage  in  which  new  bone  formation  was 
well  advanced  in  the  vicinity  of  the  cortices,  unossified  cartilage  separating 
the  two  strips  of  newly  formed  bone.  Dividing  this  strip  of  cartilage  through 
its  whole  extent,  and  running  parallel  to  the  bone,  was  an  irregular  but  well 
defined  slit  or  rift.  This  rift,  liounded  as  it  was  by  cartilage  backed  up  by 
bone,  and  with  its  extreme  ends  closed  off,  gave  an  appearance  strikingly 
analogous  to  that  of  a  regular  ioint. 

Summary. — There  was  formation  of  a  new  joint  by  means  of  a  rift  in  the 
cartilaginous  callus  joining  the   fractured  bones  laterally. 

Experiment  19. — Cat  19  was  killed  sixty-three  days  after  the  fracture.  The 
same  operation  was  performed  as  on  Cat  16 — circular  division  of  the  peri- 
osteum and  bone  with  the  Gigli  saw.  When  the  cat  was  killed,  firm  bony  union 
with  marked  overridi)ig   was  apparently   present. 


Fig.  19.— .-1,  fractured  humerus  of  Cat  18;  B.  stained  slide  cut  from  fractured 
humerus  of  Cat  18. 


Fig 
humerus 


20. 


4.  fractured  humerus  of  Cat  19;  B,  stained  slide  cut  from  fractured 
of  Cat  19. 
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H.vnininalioit  of  Stuinrd  Sliilr. — The  ends  of  the  bones  had  not  overridden 
at  all.  but  there  was  some  lateral  displacement  at  the  seat  of  fracture.  The 
ends  of  the  bones  had  been  caught  obliquely  by  the  inicrotome  knife,  so  that 
it  was  impossible  to  say  whether  or  not  their  marrow  canals  were  still  open. 
They  were  firmly  united  by  a  mass  of  new  bone  which  had  been  formed  from 
cartilage  and  was  densely  spongy  in  its  texture.  This  new  bone  was  continuous 
with  that  of  the  cortex  in  the  neighborhood  of  the  end  of  each  fragment,  as 
well  as  with  the  very  end  of  each  fragment  itself. 

Suiiuiiary. — There  was  firm  union  of  the  fragments  by  lione  developed  from 
cartilage. 


Fig.  21. — A.  fractured  humerus  of  Cat  20;  B.  stained  slide  cut  iron 
humerus  of  Cat  20. 


fractured 


Experiment  20. — Cat  20  was  killed  thirty-si.x  days  after  the  fracture.  The 
same  operation  was  performed  as  on  Cat  17,  the  saw  breaking,  and  tlie  division 
of  the  bone  being  completed  with  Liston  bone  forceps. 

When  the  cat  was  killed,  the  wound  was  healed,  and  the  hair  had  grown 
over  the  site  of  operation.  The  bones,  with  the  tissues  immediately  sur- 
rounding them,  were  removed.  They  were  apparently  overlapped  about  2  cm., 
and  there  was  no  sign  at  all   of  union. 

Exaiiiinatioii  of  Stained  Slide. — The  two  fragments  articulated  at  an  angle, 
or  rather  the  end  of  one  fragment  articulated  with  the  side  of  the  other  frag- 
ment at  almost  a  right  angle,  about  2  cm.  from  its  extremity.  The  end  of  one 
fragment  had  been  caught  obliquely  by  the  micrototne  knife  so  that  the  patency 
of  its  marrow  canal  could  not  be  determined,  but  the  marrow  canal  of  the  other 
was  almost  completely  shut  off  with  new  bone  trabeculae  whose  spaces  were 
fdled   with  dense   fibrous   tissue.     .Apparently  these   bone  trabeculae  were  being 
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formetl  from  fibrous  tissue,  for  within  the  marrow  canal  there  was  no  evidence 
of  endochondral  bone  formation.  On  the  outside  of  the  end  of  each  cortex 
of  this  fragment,  the  stained  shde  showed,  beneath  the  periosteum,  a  fairly 
regular  semicircle  of  new  bone,  forming  from  cartilage,  as  if  in  the  blind  effort 
to  accomplish  the  classical  wiped  joint  usually  found  in  the  healing  of  fractures. 
But  all  this  new  bone  was  well  encapsulated  by  fibrous  tissue,  and  showed  no 
tendency  to  spread  across  to  the  other  fragment,  being  separated  from  it  by 
very  dense  fibrous  tissue  which  contained  clefts  or  rifts.  This  dense  fibrous 
tissue  extended  over  the  entire  end  of  the  fragment,  forming  a  thick  cap  for 
it,  and  passing  down  among  the  trabcculac  in  the  central  marrow  canal  as 
noted  above. 


Fig.  Z2. — A,  fractured  humerus  of  Cat  21  ;  B,  stained  slide  cut  from  fractured 
hutncrus  of  Cat  21. 

The  other  fragment  was  capped  on  the  outside  of  its  conical  end  by  new 
endochondral  bone,  spongy  in  its  interior  but  denser  at  its  periphery.  This 
cap  of  bone  was  covered  almost  completely  by  rather  dense  fibrous  tissue. 

Summary. — There  was  the  formation  of  a  new  joint  between  the  end  of  one 
fragment  and  the  lateral  aspect  of  the  other.  Internal  and  external  callus 
was  present. 

THIRn     SERIES 

III  tills  series  a  longitudinal  incision  was  made  in  the  ])eriosleuin, 
and  tlie  right  humerus  was  divided  by  Liston  bone  forceps. 


ExPERi.MF.NT  21. — Cat  21  was  killed  forty-eight  days  after  the  fracture.  A 
lateral  incision  was  made  on  the  fore  leg;  intermuscular  dissection  was  carried 
down   to  the  periosteum,   and  a   longitudinal    incision   was   inade  through   the 
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periosteum.  'I'lie  pcrinsteum  was  separated  trcmi  the  Iniie:  the  Ijoiie  was  divided 
with  Listoii  forceps,  and  was  sutured  with  deep  and  superficial  catgut  sutures, 
and  a  collodion  dressing  applied. 

When  the  cat  was  killed  the  wound  was  well  healed  and  the  hair  had  grown 
over  it.     Marked  overriding  of  the  fragments  was  present,  hut  no  sign  of  union. 

Exaniination  of  Stained  Slide. — The  marrow  canal  of  one  fragment  was 
open,  and  in  the  marrow,  close  to  the  end,  were  irregu'ar  chips  of  bone  or 
bone  trabeculae,  which  for  the  most  part  appeared  to  be  dead ;  but  the  nuclei 
of  some  stained  well,  so  that  one  got  the  impression  that  they  were  partly 
chips  of  bone  from  the  fracture  being  absorbed,  and  partly  new  bone  building 
across  the  marrow  canal.     The  ends  of  the  cortex  of  this  fragment  were  ragged, 


Fig.  2.!. — ./,  fractured  humerus 
humerus  of   Cat  11. 


>i  Cat  11;  H.  staino 


slide  cut  from  fractured 


and  the  hune  of  the  cortex  on  tlie  far  side  from  the  other  fragment  stained 
poorly,  while  that  of  tlie  cortex  toward  the  other  fragment  stained  much  more 
distinctly.  Across  the  end  of  this  cortex  and  extending  about  half  way  across 
the  end  of  the  marrow  canal  was  dense  fibrous  tissue,  and  this  fibrous  tissue 
ran  across  to  the  other  fragment,  showing  in  its  structure  a  marked  cartilagi- 
nous element  as  it  neared  the  cortex  of  the  latter.  In  this  cartilage,  formation 
of  hone  trabeculae  was  lieginning,  hut.  whether  because  of  an  artefact  or  not, 
these  trabeculae  were  not  apposed  to  the  cortex.  .-V  small  irregular  slit  lay 
between   the   intracartilaginous   bone   formation   and   the  cortex. 
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The  end  ot  the  other  fragment  had  been  canght  at  an  angle  by  the  microtome 
knife,  so  that  the  patency  of  the  marrow  canal  could  not  be  determined. 
Fibrous  tissue  extended  from  near  the  end  of  this  fragment  to  the  cortex  of 
the  other,  and  this  tissue  also  showed  much  cartilage  in  the  region  of  the 
latter  cortex,  with  new  bone  trabeculae  developing  close  to  the  cortical  bone. 
These  trabeculae  were  not  separated   from  the  cortex  as  were  the  others. 

In  the  connecting  tissue  were  irregular  rifts  or  rents,  one  of  them  extending 
from  a  spot  over  the  open  marrow  canal  of  the  one  fragment  diagonally  across, 
almost  to  the  cortex  of  the  other :  and  in  this  rent,  as  in  some  of  the  others, 
were  organized  masses  of  (ibrin.  with  the  typical  shape  of  synovial  villi.  Indeed, 
the  sides  of   the  cleft  might  have  been  mistaken   for  synovial  membrane. 


Fig.  24. — A.  fractured  humerus  of  Cat  2.?; 
humerus  of  Cat  2i. 


H.  stained  slide  cut  from  fr.ictured 


Sumwary. — In  spite  of  the  small  intracartilaginous  bone  development,  there 
was  no  indication  in  this  specimen  that  bony  union  ever  would  take  place. 
Everything  pointed  to  the  establishment  of  a  new  joint. 

F.xpERiMENT  22.— Cat  Z2  was  killed  sixty-two  days  after  the  fracture.  The 
same  operation  was  performed  as  on  Cat  21.  The  animal  was  young.  When 
it  was  killed  there  was  no  sign  of  infection.  The  wound  had  healed  and  the 
fur  had  grown  over  it.  .Apparently,  there  was  firm  union,  with  a  large  amount 
of  callus. 

Examination  of  Stained  Slide. — The  fragments  overlapped  and  the  end  of 
one  had  been  caught  by  the  microtome  knife  obliouely.  so  that  whether  or  not 
its  marrow  canal  had  been  shut  off  by  new  bone  could  n.ot  l-e  determined.     On 
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the  side  of  its  extreme  end,  toward  the  other  fragment,  was  a  fairly  large  mass 
of  newly  developing  intracartilaginous  bone,  and  some  distance  from  the  end, 
also  on  this  side,  toward  the  other  fragment  and  continuous  with  the  cortical 
bone,  was  a  narrow  strip  of  new  intracartilaginous  bone  still  in  the  stage  of 
development.  Dense  fibrous  tissue  in  bundles  separated  this  fragment  from 
the  other,  and  in  this  fibrous  tissue  were  long  and  well  defined  rents.  In  places 
along  the  side  of  these  rents,  organizing  fibrin  could  he  seen  with  an  apjiearance 
typical  of  synovial  villi.  Ai)i)arently,  the  formation  of  a  new  joint  was  rather 
well  advanced. 

The  end  of  the  marrow  canal  of  the  other  fragment  was  well  walled  off 
with  new  bone,  and  tlie  fibrous  tissue  dividing  the  two  fragments  passed  over 
this  new  bone,     (^ver  the   end  of  this   fragment  in  the   fibrous  tissue,  the  rents 


Fig.  25. — .-l,  fractured  humerus  uf  Cat  24;  B,  stained  slide  cut  from  fractured 
humerus  of  Cat  24. 


were  continued  with  their  villous  formation.  The  sides  of  the  cortex  of  this 
fragment  showed  no  new  bone,  but  in  the  fibrous  tissue  at  the  extreme  end  of 
this  fragment,  and  separated  from  it  by  a  small  interval,  was  a  small  mass  of 
new  intracartilaginous  bone. 

Summary.  —  There  was  new  joint  formation.  The  bones  were  united  by 
fibrous  tissue  containing  clefts  or  rents. 

Experiment  23. — Cat  23  was  killed  after  forty-one  days.  It  was  evidently 
quite  a  young  cat.  The  operation  w-as  the  same  as  that  performed  on  the  two 
preceding  cats.  When  the  animal  was  killed,  there  was  no  sign  of  infection 
and  the  hair  had  grown  over  the  wound.  Apparently,  firm  union  was  present, 
with  considerable  callus. 

Examination  of  Stained  Slide. — The  fragments  overlapped  about  a  centi- 
meter, with  an  interval  of  about  0.5  cm.  laterallv.     The  inarrow  canals  of  both 
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bones  were  almost  completely  shut  off  by  new  bone  trabeculae  with  a  rather 
dense  spongy  structure.  The  two  fragments  were  joined  by  a  mass  of  cartilage 
and  bone  which  was  not  homogeneous  in  structure.  Near  one  fragment  it  con- 
sisted almost  exclusively  of  cartilage  and  near  the  other  fragment  of  bone. 
This  mass  of  cartilage  extended  over  the  end  of  each  fragment,  and  over  almost 
the  entire  mass,  the  periosteum  could  be  traced.  New  bone  trabeculae,  the 
so-called  internal  callus,  were  seen  on  the  inner  aspect  of  the  cortex  of  one 
fragment,  and  in  its  central  canal. 

Summary. — There  was  cartilaginous  callus,  binding  the  two  bones  together 
laterally.  Ossification  of  this  cartilage  was  well  advanced.  The  ossification  was 
proceeding  from  the  cortices,  and  apparently  in  time  would  be  complete. 


Fig.  26. — A,  fractured  humerus  of  Cat  25;  /?,  stained  slide  cut  from  fractured 
humerus  of  Cat  25. 


Exi'ERi.MENT  24. — Cat  24  was  killed  after  twenty-two  days.  The  same  opera- 
tion was  performed  as  on  the  three  preceding  cats.  When  the  cat  was  killed, 
the  wound  in  the  skin  was  healed.  The  fragments  had  overridden  and  there 
was  no  evidence  of  union.  On  cutting  down  to  the  fracture  a  focus  of  pus  was 
opened,  in  which  the  distal  end  of  the  proximal  fragment  lay  bare  and  rough. 

Examination  of  Stained  Slide. — The  fragments  had  been  cut  at  such  an  angle 
by  the  knife  that  little  could  be  told  as  to  topography.  Each  fragment  showed 
beginning  endochondral  bone  formation  on  the  outside  of  its  cortex,  but  no 
attempt  at  union  of  the  two  fragments  was  evident.  They  were  separated  by 
an  interval  of  about  0.5  cm.,  and  this  interval  was  occupied  by  muscle  and 
fibrous  tissue  in  rather  loose  bundles,  with  many  rifts. 

Summary. — While  it  was  too  early  to  say  positively,  apparently  the  bones 
would  not  have  united  in  this  case.     Infection  about  the  end  of  one  fragment. 
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Fig.  27.— A,  fractured  humerus  of  Cat  26;  B.  stained  slide  cut  from  fractured 
humerus  of  Cat  26. 


Fig.  28. — Cross   section  of  tibia   of  cat,  showing  trabeculae   foriuing   in  the 
marrow  beneath  the  hole  made  in  the  cortex ;  X  4. 
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Exi'ERiMEXT  25.— Cat  25  died  after  four  days.  The  operation  was  the  same 
as  that  performed  on  the  last  four  cats.  Tlie  periosteum  was  separated  from 
the  l)onc  with  difficulty.  The  cat  died  of  an  unknown  disease.  There  was  no 
sign  of  infection  about  the  wound.  Marked  iichymosis  was  present,  and  the 
fragments  were  loose. 

Exafiiinatioii  of  Stained  Slide. — The  end  of  each  marrow  canal  was  shut  off 
by  a  blood  clot,  and  in  one  of  these  clots  were  a  number  of  small  spicules  of 
bone,  evidently  broken  off  at  the  time  of  fracture.  The  periosteum  was  thick- 
ened, and  in  the  neighborhood  of  the  fractured  end  hemorrhage  had  taken 
place  beneath  it. 

Summary. — There  was  hemorrhage  in  the  marrow,  and  under  the  periosteum. 

Experiment  26. — Cat  26  was  killed  after  fifty-five  days.  The  same  opera- 
tion was  performed  as  on  the  preceding  five  cats.  When  the  cat  was  killed 
the  wound  had  healed,  and  the  fur  had  grown  over  it.  Moderate  callus  was 
present,  with  firm  union. 

E.raminalion  of  Stained  Slide. — The  fragments  had  overridden  somewhat  less 
than  a  centimeter,  and  laterally  were  about  0.5  cm.  apart.  The  end  of  one 
bone  had  1>een  caught  at  an  angle  by  the  microtome  knife,  so  that  the  cortex 
was  pointed,  and  shut  off  the  marrow  canal  in  the  slide.  Whether  or  not  the 
canal  actually  was  shut  off,  it  was  impossible  to  tell.  The  marrow  canal  of 
the  other  fraginent  was  partially  shut  off  by  new  bone  trabeculae.  /\  few 
scattered  trabeculae  were  also  seen  in  the  marrow-  in  the  immediate  vicinity 
of  this  attempt  at  closing  off.  The  overlapping  fragments  were  tightly  welded 
together  by  a  mass  of  new  bone,  which  evidently  had  been  developed  from 
cartilage,  but  there  was  no  new  bone  on  the  off  side  of  either  fragment,  and 
no  evidence  of  any  internal  callus — no  new  bone  trabeculae  on  the  inside  of 
the  cortex.  The  new  bone  callus  was  continuous  directly  with  the  apposed 
cortices.  The  periosteum  was  continuous  over  much  pf  the  new  bone,  but  on 
account  of  the  stripping  of  the  soft  parts  from  the  specimen  on  the  slide,  its 
continuity  could  not  certainly  be  determined. 

Summary. — There  was  firm  bony  union,  apparently  through  the  medium  of 
cartilage.  The  new  bone  was  directly  continuous  with  that  of  the  apposed 
cortices. 

CC.MMENT 

These  three  .sets  of  experiments  were  undertaken  to  demonstrate 
the  truth  of  a  theory  wliich  1  have  taught  my  classes  for  a  numher  of 
years,  namely,  that  after  a  fracture,  the  j)erio.steuni  serves  as  a  bridge 
in  which  nature  builds  bone,  and  that  nonunion  is  tisually  due  to  the 
absence  of  this  bridge.'  Not  only  do  the  experiments  fail  to  demon- 
strate this,  but  they  show  that  the  theory  was  false.  In  none  of  the 
slides  was  there  any  evidence  of  any  active  part  taken  by  the  periosteum 
in  the  actual  formation  of  new  bone,  and  yet  the  most  cursory  inspec- 
tion of  the  results  demonstrates  that  the  periosteum  must  play  an 
important  role  of  some  kind,  for  where  it  was  divided,  there  nonunion 
regularly  resulted.  The  exact  role  of  the  periosteum  in  bone  forma- 
tifin,  and  especially  in  the  healing  of  fractures,  has  been  the  subject 
of  much  discussion.     Indeed,  the  whole  subject  of  the   formation  of 
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bone  is  still  far  fruni  settled.  These  experiments  thrdw  light  on 
both  prohleins;  but  before  considering  them,  we  may  profitably  spend 
some  lime  on  a  general  study  of  bone  formation.  The  study  cannot 
be  opened  better  than  by  an  accurate  definition  of  the  terms  employed. 

Bone  is  an  animal  substance  composed  of  organic  material  consisting 
of  cells  and  intercellular  substance,  the  latter  impregnated  with  salts 
of  lime  and  magnesium. 

Marrow  is  the  soft  tissue  within  the  bone — ;ill  the  soft  tissue  within 
the  bone,  except  the  bone  cells  themselves.  Its  situation,  not  its 
Composition,  determines  its  name.  Wherever  there  is  bone  there  is 
marrow,  and  no  matter  what  the  conip<.isilion  of  a  tissue  may  be,  if  it 
is  not  situated  within  the  bone,  it  is  not  marrow.  Thus,  small  pockets 
of  tissue  with  all  the  characteristics  of  marrow  are  occasionally  seen 
m  the  region  of  the  joints,  on  the  outside  of  the  cortex,  immediately 
under  the  periosteum:  but  this  is  not  marr.iw. 

i'eriosteum  is  the  tissue  which  covers  bone  in  all  situations  not 
covered  by  the  articular  cartilage.  As  with  the  marrow,  the  situation 
of  this  tissue  determines  its  name,  not  its  structure.  It  usually'  con- 
sists of  librous  tissue,  but  in  places  it  may  consist  of  cartilage  or  of 
fibrocartilage. 

If  one  looks  through  a  microscope  at  the  periosteum  and  the  cortex 
of  a  growing  bone,  that  is,  of  a  bone  of  a  child,  one  will  see,  lying  on 
the  cortex,  numbers  of  bone  cells  i.ir  of  osteoblasts.  The  trabeculae 
of  the  bone  within  the  shaft  present  the  same  appearance  whether  they 
are  being  built  up  or  torn  down.  These  cells  on  the  outside  of  the 
cortex,  in  a  sense,  may  be  said  to  be  part  of  the  periosteum,  but  really 
they  have  nothing  whatever  to  do  with  it.  They  belong  to  the  bone 
on  which  they  lie.  Nevertheless,  they  are  responsible  for  the  widely 
held  opinion  that  the  periosteum  has  two  layers  in  its  structure.  (Jllier 
first  promulgated  this  theory,  and  poetically  likened  the  periosteum  to 
the  bark  of  a  tree,  with  its  cambium  layer.  His  theory  gained  almost 
universal  acceptance  until  MacEwen  challenged  it  a  few  years  ago. 

In  the  (|uiescent  bone  of  the  adult,  nothing  like  a  second  layer  of 
the  ])eriosteuni  can  be  made  out.  This  subject  is  really  not  a  question 
for  debate.  We  cannot  assume  the  presence  of  two  layers  because  otir 
clinical  observation  teaches  us  they  should  be  there,  and  as  far  as  I 
have  been  able  to  find  out,  no  evidence  other  than  clinical  ever  has 
been  adduced  for  the  presence  of  twf)  layers  of  the  periosteum  in  the 
adult  bone. 

Fibers  of  the  periosteum  run  down  into  the  bone  cortex ;  but,  as 
soon  as  they  enter  the  bone,  they  cease  to  be  part  of  the  periosteum, 
and  become  part  of  the  marrow. 

Cartilage  is  a  coimective  tissue  consisting  of  cells  and  of  a  homo- 
geneous or  fibrillar  basement  substance  impregnated  witli  chnnrlromucin. 
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Typical  cartilage  is  easily  identified ;  but  in  certain  cases  the  identifica- 
tion is  only  possible  by  reco<jnizing  tlie  peculiar  cartilage  cells  in  their 
capsules.  When  these  appear  in  tibrdus  tissue,  we  call  the  tissue 
fibrocartilage. 

THE     FORMATION     OF     liOXE 

Two  theories  have  been  held  as  to  the  formation  of  Ixmc  in  general. 
According  to  the  fir.st,  the  metablastic,  the  members  of  the  cnnnective 
tissue  group  have  tlie  inherent  power  to  change  from  one  t(i  another 
under  certain  circumstances,  without  the  influence  of  any  active  outside 
agent.  This  theory  has  been  almost  abandoned,  and  has  l>een  replaced  by 
the  osteoblastic  theorv-.  .According  to  this  theory,  bone  is  formed  as  the 
result  of  the  action  of  a  bone  forming  cell,  the  osteoblast.  W'e  assume 
that  there  is  such  a  cell,  but  we  do  not  know  its  derivation,  and  we  have 
no  means  of  identifying  it  under  the  microscope.  It  is  supposed  to  be 
a  small  cell,  with  a  deeply  staining,  round  or  polyhedral  nucleus, 
frequently  seen  on  the  borders  of  bone  trabeculae.  When  we  see  such 
cells  on  the  trabeculae,  we  are  wont  to  say  that  they  are  osteoblasts, 
and  that  bone  is  being  built  uj)  in  this  situation.  This,  however,  is  not 
always  the  case.  Similar  cells  are  .seen  in  tliat  situation  when  we 
know  very  well  that  the  bone  is  being  torn  down.  Mo.schcowitz  -  says 
that  the  osteoblast  is  simply  a  differentiated  endothelial  cell  from  the 
wall  of  the  blood  ve-ssel.  .\t  any  rale,  unless  the  osteoblast  is  the 
same  thing  as  a  cartilage  cell,  it  must  be  brought  to  the  tissue  to  be 
converted  into  bone,  either  in  the  blood  stream  or  in  the  wall  of  the 
blood  vessel,  for  bone  formation  never  begins  in  cartilage,  or,  for  that 
matter,  in  any  other  tissue,  until  the  blood  vessel  pushes  its  way  in. 

We  assume,  then,  some  specific  cell,  the  osteoblast,  as  the  active 
agent  in  the  formation  of  bone — the  builder,  .so  to  speak.  The  next 
question  is :  Out  of  what  is  bone  built  ?  It  may  evidently  be  built  out 
of  one  of  a  number  of  materials.  It  may  be  built  out  of  cartilage — 
intracartilaginous  formation.  It  may  be  built  out  of  fibrous  tissue — 
intramembranous  bone  formation.  Apparently,  bone  may  also  be  manu- 
factured out  of  amorphous  or  granular  necrotic  material,  as  in  old 
mflammatory  processes  in  lymph  nodes,  or  in  kidneys  whose  arteries 
have  been  tied  of?.^ 

The  third  thing  that  is  necessary  fur  liunc  formation  is  a  .stimulus, 
pathologic  or  physiologic,  as  the  case  may  be.  I'unction  is  a  stimulus, 
as  is  the  mere  presence  of  bone.  If  a  piece  of  bone  is  removed  from 
a  live  animal,  and  then  if  it  is  immediately  buried  in  the  same  animal. 


2.  Moschcowitz,   Eli:    The  Relation  of  O.steogcnesis   to  Os.sification,  Bull. 
Johns   Hopkins  Hosp.  27:71    (March)    1916. 
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the  lionc  and  ils  ciiiitaiiK-(l  marrnw  dii-.'  Whatever  ha|)|iens  thereafter 
in  that  piece  nf  Ixme  and  marrow,  ihereldre,  must  be  the  result  of 
activity  from  the  surnmnding  tissues.  The  tirst  thing  tliat  happens  is 
tlie  piislTini^  in  of  hlnod  xessels  from  these  tissues,  and,  if  the  fragment 
IS  covered  in  any  part  of  periosteum,  at  tliat  part  vascularization  first 
takes  place. 

I'oUovving  the  penetration  of  the  Ijlood  ves.els.  two  distinct  and 
opposite  ]5rocesses  start  in  this  sterile,  dead  piece  of  hone;  on  the  one 
hand,  rebuilding  with  new,  live  bone,  and  on  the  other  haml,  clearing 
away  and  absorption  of  the  fragment.  According  to  circumstances, 
one  or  the  other  of  these  processes  will  prevail,  and  the  fragment  will 
persist  and  even,  in  certain  circumstances,  increase  in  size,  or  it  will 
disappear.  The  mere  presence  of  the  dead  bone  causes  new  bone  to  be 
formed  (one  stimulus),  but  if  there  is  no  function  (a  second  stimulus) 
absorption  will  exceed  reluiilding,  and  the  fragment  eventually  will 
disap])ear. 

A  third  stimulus  is  irritation,  as  for  instance,  about  an  old  sup- 
purative osteomyelitis.  Normal  growth  carries  with  it  a  fourth 
stimulus,  whose  existence  we  recognize,  Ijut  whose  nature  we  do  not 
understand.  We  note  that,  at  a  certain  period  of  existence,  the  blood 
vessel  penetrates  the  cylinder  of  cartilage  or  the  epiphysis,  and  initiates 
ossification,  and  that  until  full  growth  is  attained,  nature  continues  to 
iay  down  new  bone  on  the  outside  of  the  cortex,  and  then  ceases. 
Just  what  starts  this  physiologic  bone  growth,  and  just  why  it  stops, 
we  do  not  know.  \\  e  observe  it,  and  let  it  go  at  that.  But  wherever 
bone  is  being  formeil,  the  l)lood  vessel  is  the  active  agent  in  the 
process. 

We  see  then  that  bone  may  be  formed  either  in  the  marrow  or, 
perha]>s,  in  the  periosteum  at  the  surface;  but  neither  of  these  two 
tissues  actually  forms  bone,  and  l)one  may  be  formed  without  either  of 
them,  as  in  cartilage. 

It  is  well  known  that  the  ends  of  the  cortex  of  a  fractured  bone 
possess  in  themselves  little  or  no  power  of  repair.  If  a  hole  is  bored 
in  the  cortex  of  a  long  bone  of  ;i  laboratory  animal,  the  fractured  end 
of  the  cortex  takes  very  little  part  in  the  subsecjuent  healing.  Nature 
does  not  simply  bridge  across  the  hole  in  the  cortex  with  new  bone,  as 
one  would  think,  but  she  carries  out  her  purpose  by  means  of  an 
internal  and  an  external  callus. 

The  external  callus  is  small  in  amount,  and  consists  of  scattered 
trabeculae,  mostly  in  the  immediate  neighborhood  of  the  cortex  beneath 
the  periosteum.     Where  the  hole  was  made  in  the  periosteum,  that  is. 


4.  Ely,  L.  \V..  and  Cowan,  T.  F. :  A  .'^tiidy  of  Buried  Bone,  J.  ( Jrlliop.  Surg. 
1:100  (Feb)  1919;  .\n  Fxperimeiital  Study  of  Buried  Bone,  .Ann.  Sutl'.  70: 
747  (Dec.)    1919. 
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immediately  over  tlie  hole  in  the  bone,  there  the  formation  of  bone 
occurs  quite  late.  The  major  part  of  the  heaHng  is  brought  about  by 
tlie  so-called  internal  callus,  that  is,  by  bone  trabeculae  laid  down  in 
iibrous  tissue  in  the  marrow,  and  connecting  with  the  inner  as])ect  of 
the  cortex.  This  makes  a  bridge  of  spongj'  bone  in  the  marrow  across 
the  hole,  whose  trabeculae  connect  through  the  hole,  by  irabecuhe  laid 
down  in  fibrous  tissue  and  ])erhaps  in  cartilage,  with  the  trabeculae  in 
the  external  callus.  The  resulting  mass  of  callus  of  spongy  lione  has 
been  likened  in  shape,  by  !•".  1 1.  Nichols,  to  a  collar  button,  with  its  large 
flange  in  the  marrow,  and  it-  small  flange  in  the  periosteum.  The 
connecting  shank  slowly  increases  in  density  until  it  fills  up  the  hole,  but 
does  not  establish  continuity  with  the  cortical  bone  at  its  side  until  a 
very  late  period.  In  other  words,  the  cortical  bone  about  the  hole  has 
played  a  passive  part  in  tlie  whole  process.  Everything  has  been  done 
from  the  internal  and  external  aspect  of  the  cortex,  in  the  marrow 
and  beneath  the  perio-steum. 

We  have  no  means  of  ascertaining  how  nearly  the  foregoing  proc- 
ess is  imitated  in  an  accurately  adjusted  fracture  of  a  long  bone. 
The  shank  of  the  collar  button  is  probably  infinitesimal  in  thickness, 
and  the  roentgen  rays  indicate  that  the  large  flange  is  not  in  the 
marrow  but  in  the  periosteum.  In  fact,  the  whole  essential  part  of 
the  union  seems  to  take  place  in,  or  under,  the  periosteum,  and  this 
roentgenographic  phenomenon  has  gone  far  to  strengthen  the  theory 
of  the  "bone  forming"  function  of  the  periosteum. 

That  the  periosteum  plays  an  important  role  in  the  healing  of  frac- 
tures is  evidenced  by  other  facts,  notably  by  the  fact  that  nonunion  is 
notoriously  frequent  in  these  bones  or  portions  of  bone  not  covered 
by  periosteum :  e.  g.,  the  neck  of  the  femur,  the  head  of  the  radius, 
and  perhaps  the  carpal  navicular  in  the  region  where  it  is  usually 
fractured.  On  the  other  hand,  we  know  that  even  in  these  fractures, 
if  we  can  hold  the  fractured  surfaces  firmly  together  in  complete 
immobility,  union  may  be  expected.  This  union  could  take  place  in 
only  two  ways,  namely,  by  direct  union  between  the  fractured  surfaces 
or  by  the  formation  of  an  internal  callus.  .Apparently,  an  external 
callus  does  not  form  in  the  absence  of  the  periosteum.  In  other  words, 
in  the  .absence  of  the  periosteum,  firm  apposition  and  absolute 
immobility  are  necessary  for  union;  in  the  presence  of  jieriosteum, 
they  are  not. 

Nature  has  the  greatest  difficulty  in  bridging  the  smallest  space  with 
bone,  and  clinically  it  appears  that  some  function  of  the  periosteum 
IS  concerned  in  throwing  the  first  bridge  across.  Just  what  this  function 
Is,  has  been  the  subject  of  much  dispute. 

There  is  a  widely  accepted  theory  that  two  raw  bony  .surfaces 
brought   together  will   unite.     .As  has  been   said,  they   will   not   unite 
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unless  lu'ld  finiily  together  in  iinniiil)ility.  This  is  true  not  only  of 
fractures  Init  also  of  resections.  After  resections  also,  two  jirocesses 
are  set  in  niolioii,  one  of  joint  Iniilding,  and  the  other  of  ankylosis. 
In  the  human  suljject,  the  knee  is  ahout  the  only  large  Joint  in  which 
bony  ankylosis  regularly  can  he  ohtained.  In  the  others,  tibrous 
ankylosis  usually  follows  a  resection.  In  the  knee,  two  extensive 
bony  surfaces  can  be  brought  into  close  apposition,  and  can  be  held 
firmly  together.  In  other  joints,  these  indications  cannot  be  fulfilled. 
The  elements  of  extensive  apposition  and  immobility  must  be  the 
determining  factors  in  the  human  knee,  for  after  resection  of  the  dog's 
knee,  bony  ankylosis  is  very  hard  to  secure.  A  new  joint  usually 
results.'' 

The  first  thing  that  attracts  our  attention  in  a  consideration  of  the 
results  of  the  experiments  is  the  difference  in  the  proportion  of  bony 
union  to  false  joint  in  three  series.  In  the  first  series,  that  witli  simple 
fracture,  bony  union  regularly  resulted  if  the  cat  was  permitted  to  live 
for  five  weeks.  In  the  second  series,  in  which  the  periosteum  was 
divided  circularly,  nonunion  was  the  rule.  Bony  union  took  place  in 
only  one  cat  of  this  series.  In  the  third  series,  that  in  which  the 
periosteum  was  slit,  bony  union  was  about  as  frequent  as  new  joint 
fonuation.     From  these  facts  the  first  conclusion  to  be  drawn  is : 

I.  Tlir  periosteum  has  a  function  to  perform  in  the  Iiealiiuj  of  frac- 
tures. The  periosteum  is  not  indispensable,  for  union  mav  lake  place 
when  it  is  slit  or  divided. 

The  next  thing  that  interests  us  is  the  exact  method  of  union.  The 
specimens  throw  much  light  on  this.  In  the  first  place,  we  note  an  entire 
absence  of  any  bone-forming  action  in  the  periosteum.  It  is  not  even 
serving  as  a  bridge  or  scaiYold  for  the  formation  of  bone,  a  function 
which  I  have  persistently  assigned  to  it.  Its  whole  function  seems  to 
be  to  protect,  to  contain  the  soft  callus  between  the  fragments,  to  hold 
It  against  the  fragments,  so  to  speak.  The  specimens  show  that  Mac- 
Ewen  was  essentially  right  in  regarding  the  periosteum  as  a  limiting 
meiubrane.     I  have  hitherto  denied  this.     I  was  wrong. 

As  to  the  so-called  internal  callus,  my  specimens  show  no  evidence 
of  any  effective  role  played  by  it  in  the  process  of  union.  Sometimes 
scattered  trabeculae  appeared  within  the  marrow  canal,  and  sometimes 
there  was  no  bone  formation  there  at  all ;  but  even  when  present,  the 
trabeculae  were  apparently  not  serving  any  useful  purpose.  It  seems, 
then,  that  while  this  internal  callus  is  the  chief  means  whereby  nature 
repairs  the  damage  done  by  boring  a  hole  in  the  cortex,  when  there  is 


5.  niy,  L.  W. ;  E.xperimental  Resection  of  the  Dog's  Knee  Joint,  Ann. 
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an  actual  solution  of  continuity  between  the  fragments  of  a  fracture, 
the  internal  callus  is  a  negligible  factor.  This  is  in  line  with  the 
impression  which  one  gets  from  studying  roentgenograms  of  fractures 
clinically.  These  show  that  the  whole  process  of  repair  takes  i)lace 
outside  the  corte.x. 

In  almost  all  our  specimens,  niarkcd  displacement  nt  the  fraijments 
had  taken  place,  and  they  were  separated  by  a  distinct  interval.  This 
interval,  bounded  on  two  sides  by  cortex,  and  on  two  sides  by  peri- 
osteum, became  filled  with  cartilage,  fibrous  tissue  and  fibrocartilage. 
Union  of  the  two  fragments  took  place  by  ossification  of  this  mass  of 
cartilage  and  fibrocartilage  very  much  as  ossification  takes  place  in  an 
epiphysis,  by  the  penetration  of  blood  vessels.  The  ossification  advances 
from  the  cortex,  and  is  especially  marked  in  the  angle  made  where  the 
periosteum  leaves  the  cortex.  In  no  case  was  there  any  evidence  of 
bone  formation  along  the  periosteum  where  it  stretched  across  between 
the  fragments.    In  other  words  : 

2.  Ossification  of  the  soft  callus  lakes  place  from  the  external  aspect 
of  the  cortex.  This  also  agrees  with  roentgen-ray  evidence.  What  has 
been  assumed  from  roentgen-ray  evidence,  however,  to  be  a  bony  bridge 
built  by  the  activity  of  the  periosteum,  is  really  the  result  of  bone 
formation  proceeding  from  the  cortex.  The  few  exjjeriments  which 
were  allowed  to  run  for  a  considerable  time  indicated  that  after  bony 
union  was  complete,  the  apposed  and  overlapping  cortices  were  being 
lorn  down,  and  that  a  rearrangement  of  the  bone  architecture  was 
going  forward.  Presumably,  a  new  cortex  would  be  formed  in  the 
bony  callus,  and  a  central  medullary  canal  would  be  established  within  it. 

In  die  cases  of  nonunion,  the  fundamentals  of  the  formation  of  the 
soft  callus  were  the  same  as  in  the  other  cases,  except  that  the  produc- 
tion of  fibrous  tissue  was  possibly  more  abundant.  New  bone  develop- 
uig  from  cartilage  appeared  on  the  outside  of  the  cortex  in  these  cases 
also.  The  chief  distinguishing  mark  in  these  two  series  was  the  forma- 
tion of  rifts  in  the  fibrous  tissue  of  the  soft  callus,  and  when  the  soft 
callus  was  transformed  partially  or  completely  into  cartilage  and  bone, 
the  large  rift  or  series  of  rifts  constituted  a  regular  joint,  lined  by 
cartilage  or  by  fibrocartilage,  sometimes  in  places  showing  a  distinct 
villous  formation,  like  that  of  a  synovial  membrane. 

This  formation  of  a  new  joint  is  the  rule  in  the  series  of  experiments 
in  which  circular  division  of  the  periosteum  was  carried  out.  Only  one 
case  of  the  series  showed  bony  union.  The  series  in  which  the  peri- 
osteum was  slit  does  not  show  this  almost  uniform  tendency.  The 
cases  are  too  few  for  accurate  judgment,  but,  rouglily.  bony  union  is 
about  as  frequent  in  the  uninfected  cases  which  have  run  a  sufficient 
time  as  is  new  joint  formation.     In  otiier  words : 
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1.  Wlu'ii  the  pcricisteuiii  is  intact,  bony  union  is  to  be  expected. 

2.  \\'hen  the  iieriosteiim  is  completely  divided,  Ijony  union  is  not  to 
be  expected. 

3.  When  the  periosteum  is  slit,  I)ony  union  may  or  may  not  take 
place. 

CUXCLfSION 

.\fter  an  ordinary  fracture,  hemorrhage  takes  place  from  the 
marr<_i\v  canal  under  the  periosteum.  The  periosteum  is  stripped  up 
from  the  cortex  by  this  hemorrhage  and  by  the  fracture  itself.  Then 
come  the  deposition  of  fibrin,  the  formation  of  granulation  tissue  and 
the  formation  of  cartilage  and  fibrocartilage  in  the  space  beneath  the 
stripped-up  periosteum.  Probably  the  function  of  the  periosteum  is 
only  important  in  the  early  stages,  up  to  the  formation  of  the  carti- 
laginous callus.  The  periosteum  probably  serves  to  keep  the  hemor- 
rhage from  escaping  and  the  granulation  tissue  undisturbed.  It  has  no 
bone-forming  function,  and  bone  is  not  built  out  of  it.  The  subsequent 
ossification  of  the  cartilaginous  callus  is  carried  out  almost  entirely,  if 
not  exclusively,  from  the  external  aspect  of  the  cortex.  The  internal 
callus  plays  no  eitective  part  in  the  union.  It  is  rudimentary  when 
It  is  present. 


FRACTURE     OF     TIIK     TIBIAL     SITNl-: 

AN     EXPERIMENTAL     STUDY* 
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Tlie  present  article  is  the  result  of  experimental  observations  on 
fracture  of  the  tibial  spine.  The  work  was  done  on  cadavers.  It 
consisted  mainly  of  demonstrations  before  classes  of  students,  during 
the  regular  courses  on  fractures  and  dislocations,  and  of  experiments 
made  at  other  times.  Textbooks  are  particularly  silent  on  fractures 
of  the  tibial  spine  when  they  are  not  a  complication  of  a  more  serious 
injury  to  the  knee. 

This  form  of  fracture  occurs  most  frequently  as  a  complication  of 
dislocation  of  the  knee  or  of  fracture  of  the  tibial  tuberosities.  As 
a  simple  uncomplicated  fracture  it  is  apparently  not  so  rare  as  one 
might  be  led  to  believe  from  textbooks  and  treatises  on  fractures  in 
general.  In  such  injuries  to  the  knee  as  the  so-called  sprains  or  twists, 
it  passed  unrecognized  before  the  introduction  of  the  roentgen  rays. 

It  is  not  my  object  at  present  to  consider  fracture  of  the  tibial 
spine  as  a  complication,  but  to  consider  it  as  an  uncomplicated  fracture 
with  a  minimum  amount  of  damage  to  some  of  the  ligaments  of  the 
knee  joint. 

ANATOMV 

It  is  essential  to  consider  briefly  the  salient  anatomic  characteristics 
of  the  ligaments  of  the  knee  joint  in  order  to  follow  closely  what 
will  be  said  regarding  the  experiments  and  mechanisms  involved  and 
also  to  be  able  clearly  to  account  for  the  pathologic  condition. 

The  knee  joint  is  the  largest  and  one  of  the  most  superficial 
joints  of  the  body.  It  owes  its  remarkable  strength  not  only  to  its 
bony  construction  but  also  to  the  strong  resisting  ligaments,  reen forced 
by  one  of  the  strongest  fascias  of  the  body — the  fascia  lata,  together 
with  the  tendon  of  the  powerful  quadriceps  extensor  muscle,  which 
binds  and  holds  the  parts  together.  The  expansion  and  mutual  blending 
of  these  fibrous  structures,  along  with  the  other  ligaments  to  be 
mentioned,  add  stability  to  the  osseous  constitution  of  the  articulation, 
and  enable  it  to  withstand  the  leverage  of  the  two  longest  bones  of 
the  body.  The  great  size  of  the  bone  ends  is  iinportant  in  determining 
more  advantageous  leverage  by  which  the  strain  on  the  ligaments 
is  lessened. 


•From  the  Laboratory  of  Surgical  Pathology.  Staiidford   University  School 
of  Medicine. 
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It  ina\-  lie  well  to  reiiieniber  that  the  knee  joint  in  some  of  the 
lower  animals  i>  composed  of  two  sejiarate  joints,  one  for  each  condyle, 
and  the  crucial  ligaments  of  man  are  the  representatives  of  lateral 
ligaments  when  tliese  joints  exist  as  separate  entities. 

Crucial  Ligaments.  (Fig.  1). — These  ligaments  of  the  knee  are 
interosseous,  being  situated  within  the  joint  but  external  to  the  .synovial 
membrane.  They  are  named  anterior  (lateral)  and  posterior  (inedial) 
from  the  position  of  their  attachment  to  the  tibia.  Gray  says  that 
thcv  possess  consideraljle  strength,  while  Treves^  refers  to  them  as 
being  \ex\  powerful. 


Fig.  1. — Outline  drawing  showing  tlu-  crucial  ligament  of  the  knee  joint: 
L,  anterior  crucial   ligament;   .1/.  posterior  crucial   ligament. 

The  anterior  crucial  ligament  is  attached  to  the  depression  in  front 
of  the  spine  of  the  tibia,  being  blended  with  the  anterior  extremity 
of  the  lateral  meniscus ;  and  passing  obliciuely  upward,  backward  and 
outward,  it  is  inserted  into  the  inner  and  back  p;irt  of  the  lateral 
condyle  of  the   femur. 

The  posterior  crucial  ligament  is  stronger,  shorter  and  less  ol)lique 
in  its  direction  than  the  lateral.  It  is  attached  to  the  back  of  the 
depression  behind  the  sjiinc  of  the  tibi.-i,  to  the  popliteal  notch  and 
to  the  posterior  extremity  of  the  lateral  meniscus,  passing  upward, 
forward  and  inward,  to  be  inserted  into  the  outer  and  forepart  of  the 
inner  condyle  of  the  femur,  where  it  blends  with  the  ligamentum 
posticuni. 

1.  Treves,  Frederick:  Surgical  .Applied  .Anatomy,  Kd.  7,  revised  by  .\rthur 
Keith  and  \V.  Colin  Mackenzie,  1917. 
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Collateral  Ligaments. — There  are  two  of  these,  the  lateral  and 
medial.  Treves  considers  them  comparatively  feeble.  The  lateral 
ligament  consists  of  two  parts,  the  fihul.ir  collateral  and  a  short,  or 
posterior,  portion. 

The  fibular  collateral  is  a  strong,  rounded  fibrous  cord,  attached 
above  to  the  back  of  the  lateral  tuberosity  of  the  femur;  below,  to 
the  lateral  part  of  the  head  of  the  fibula.  Externally,  it  is  covered 
by  the  tendon  of  the  biceps  muscles,  which  divides  at  its  insertion  into 
two  parts,  separated  by  the  ligament.  The  tendon  of  the  popliteus 
muscle  and  inferior  external  articular  vessels  and  nerves  passes  beneath 
it.     Piersol  considers  this  ligament  as  truly  distinct. 

The  short,  or  posterior,  part  may  be  absent.  It  is  an  accessory 
bundle  behind  and  parallel  to  the  ])receding.     It  is  attached  above  to 


I-'i^ure 


Figure  2 

Fig.  2. — Outline  drawing  showing  wlu-rc  lorcc  was  applied  to  throw  tensile 
stress  upon  the  anterior  crucial  ligament  (left);  and  upon  the  posterior  crucial 
ligament  (right). 

Fig.  3. — Outline  drawing  showing  how  the  leg  was  supported  and  where 
force  was  applied  to  produce  fracture  of  the  tihial  spine  as  shown  in  Figure  4. 

the  lower  and  back,  part  of  the  lateral  tuberosity  of  the  femur;  below, 
to  the  styloid  process  of  the  fibula  and  is  inseparable  from  the  capsule. 
Passing  beneath  it  are  the  tendon  of  the  ])0|)liteus  muscle  and  the 
inferior  lateral  articular  vessels  and  nerves. 

The  medial,  or  tibial  collateral,  ligament  is  a  well  defined,  strong, 
flat  fibrous  band,  thicker  behind  than  in  front.  It  is  attached  above 
to  the  medial  condyle  of  the  femur;  below,  to  the  medial  tuberosity 
and  medial  surface  of  the  shaft  of  the  tibia  to  the  extent  of  about  2 
inches  (5  cm.).  It  is  crossed,  at  its  lower  part,  by  the  tendons  of  the 
sartorius.  gracilis  and  .seminiembranosus  muscles,  a  synovial  bursa 
being  interposed.  Its  deep  surface  covers  the  anterior  ])ortion  of  the 
tendon  of  the  semimembranosus  with  which  it  is  connected  by  a  few 
fibers,  the  synovial  membrane  of  the  joint  and  the  inferior  articular 
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vessels  and  nerve.  It  is  adherent  U>  the  nn-dial  meniscus.  Piersol 
considers  this  Hganient  as  only  a  part  of  the  capsule  artiticially  sepa- 
rated. Both  collateral  ligaments  are  situated  nearer  the  hack  than  the 
front  of  the  joint. 

l.ujauicntum  Patellae. — This  ligament  is  that  part  of  the  quadriceps 
e.xtensor  tendon  in  which  the  patella  is  a  sesamoid  bone.  It  is  a  strong 
flattened  fibrous  band,  about  2  inches  (5  cm.)  long,  and  inserted  into 
the  tibial  tubercle.  It  is  fused  at  the  sides  with  fibrous  expansions 
from  the  quadriceps  extensor  muscle. 

CapsuJa  Articuhris. — This  forms  the  ligamentuni  posticum  which 
is  strengthened  above  by  oblique  fibers  from  the  tendon  of  the  semi- 
membranosus muscle,  forming  Winslow's  ligament.  The  capsule  as 
a  whole  is  very  thin  but  strong  fibrous  membrane  filling  in  the  intervals 
between  the  stronger  parts  named  above,  which  in  jiart  are  inseparable 
from    it. 

SURGIC.XL     ANATOMY 

Almost  all  of  the  facts  presented  here  have  been  reviewed  on  the 
anatomic  preparations  in  the  teaching  collection  of  the  laboratory  of 
surgical  pathology  of  the  Medical  Department  of  Stanford  University. 
It  is  very  important  that  they  be  repeated  although  more  or  less  extant 
in  textbooks  and  in  the  literature. 

Regarding  the  crucial  ligaments,  Treves  states  that  they  are  more 
or  less  tense  in  all  extreme  positions  of  the  joint.  The  anterior  ligament 
especially  resists  extension,  forward  displacement  of  the  tibia  and 
rotation  inward  of  the  leg;  while  the  posterior  resists  extreme  fle.xion 
and  displacement  backward  of  the  tibia.  In  the  moment  of  extension, 
the  tibia  slides  slightly  forward  and  is  rotated  slightly  outward.  In 
flexion  it  glides  backward  and  rolls  slightly  inward.  The  center  of 
rotation  of  the  tibia,  when  near  the  position  of  extreme  extension, 
passes  behind  the  lines  joining  the  points  of  insertion  of  the  collateral 
ligaments,  so  that  the  knee  automatically  locks  in  the  position  of 
extreme  extension.  In  this  position  the  locking  arrangement  permits 
stability  with  a  minimum  of  muscular  action  in  .standing.  Therefore, 
the   standing  position   is   less    fatiguing   than   it   otherwise   would   be. 

On  the  whole,  extension  generally  is  limited  by  the  crucial  ligaments ; 
flexion  by  the  ligamentum  patellae  and  anterior  part  of  the  capsule,  in 
addition  to  the  crucial  ligaments. 

We  should  be  familiar  with  the  fact  that  rotation  of  the  knee  is 
possible  only  in  the  flexed  position.  The  patellar  ligament  is  tense  in 
flexion,  and  relaxed  in  extension  when  the  quadriceps  extensor  muscle 
is  relaxed.  Acting  in  conjunction  with  the  anterior  portion  of  the 
capsule,  it  limits  excessive  flexion,  especially  in  the  emaciated,  less  so 
in   the  adipose,   as   the   soft   parts   ;ire  more   [irmninent   and  naturally 
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diminish  the  range  of  flexion.  Both  collateral  ligaments  are  tense 
during  extension  and  relaxed  during  flexion.  Together  they  withstand 
the  lateral  strains  and  also  check  hyperextension  and  outward  rotation. 
The   ligamentum   posticum   limits   extension. 

Lange  believes  that  the  crucial  ligaments  together  limit  or  prevent 
forward  and  backward  sliding,  and  that  both  are  more  or  less  tense  in 
all  positions  of  the  knee  joint,  with  the  exception  of  flexion.  Here 
he  disagrees  with  Treves.  Davis  states  that  these  ligaments  are  not 
tense  in  all  positions,  for  in  flexion  they  become  slightly  relaxed. 
Robert  Jones  -  states  that  both  crucials  check  inward  rotation  of  the 
tibia. 

It  must  be  borne  in  mind  that  no  two  joints  are  exactly  alike  as 
regards  the  relative  length,  strength  or  size  of  the  parts.  This  natural 
variation  no  doubt  accounts  for  slight  differences  of  opinion  among 
authors. 

EXPERIMENTS 

Having  considered  the  normal  functions  of  the  ligaments  of  the 
knee  joint,  it  is  logical  to  inquire  what  happens  when  excessive  stress 
is  thrown  upon  the  joint  in  various  directions.  The  following  (juestions 
set  forth  the  problems  involved : 

1.  What  occurs  when  force  is  applied  to  the  lower  and  anterior 
part  of  the  thigh  just  above  the  condyles  of  the  femur,  in  a  backward 
and  slightly  outward  direction,  with  the  leg  in  extension  and  fixed? 

2.  What  occurs  when  force  is  applied  to  the  upper  and  back  part 
of  the  leg,  when  it  is  extended  and  the  thigh  is  fixed? 

3.  Can  fracture  of  the  tibial  spine,  rupture  of  a  crucial  ligament, 
or  avulsion  of  a  fragment  of  bone  from  the  femoral  condyles  be 
produced  without  visible  or,  at  most,  but  slight  injury  to  the  collateral 
ligaments,  rupture  of  fascia,  fracture  of  the  femoral  condyles  or  tibial 
tuberosities  other  than  those  produced  by  direct  pull  on  the  crucial 
ligaments  ? 

4.  What  happens  when  forcible  stress  is  exerted  laterally  against 
the  knee  when  in  a  state  of  exten.sion?  When  in  a  state  of  flexion? 
Which  gives  way  first,  the   collateral   or   the  crucial   ligaments? 

5.  What  happens  when  forcible  stress  is  exerted  in  a  rotatory 
direction,  either  when  the  leg  is  in  extension  or  flexion,  outward  rotation 
being  normally  limited  by  the  collateral  ligaments,  and  inward  rotation 
normally   limited   by   the  anterior   crucial   ligament? 

In  the  living  subject  as  well  as  in  the  cadaver,  stress  will  unavoid- 
ably be  exerted  in  several  directions  simultaneously,  the  results  being 
influenced  by  position  and  the  individual  anatomic  peculiarities  in 
each  case. 


2.  Jones,  Robert:    Sect.  VIII,  Injuries  to  Joints.  Oxford  Loose-Leaf  Surgery, 
Xew  York.  Oxford  University  Press  1:812.  1918. 
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'rcchnic. — The  part  to  which  llie  furcu  is  to  he  applied  is  covered 
1)\-  a  thick  ])ad.  formed  usually  from  au  ordinary  sheet  which  is  folded 
a  nuiiiher  of  times  until  it  is  about  12  inches  (30  cm.)  square.  The 
blow  is  struck  with  a  club  made  from  a  scantling  4  inches  (  10  cm.) 
wide,  thus  giving  a  broad  surface.  The  joint  after  production  of  the 
injury  is  opened  by  making  a  large  oval  patellar  flap  which  is  reflected 
downward,  giving  a  good  exposure  of  the  interior  of  the  knee. 

REPORT     OF     EXPERIMI^.NTS 

Exj'crimcnt  1. — Thi,s  was  performed  on  tlie  cadaver  of  a  young,  husky  colored 
man,  whose  limbs  were  rigid.  The  body  was  placed  in  a  prone  position.  The 
distal  extremity  of  the  right  thigh  (femur)  was  supported  on  a  4-inch  (10  cm.) 
block  placed  beneath  the  femoral  condyles.  The  distal  part  of  the  leg  was 
supported  in  a  similar  way.  The  thick  pad  was  thrown  over  the  upper  part  of 
the  sural  region,  and  a  heavy  blow  was  delivered  in  such  a  way  as  to  drive  the 
tibia  forward  and  a  little  inward  on  the  femur  (Fig.  2  B),  the  object  being  to 
produce  tensile  stress  in  the  direction  of  the  longitudinal  axis  of  the  anterior 
crucial  ligament. 

Result. — This  was  doubtful  on  account  of  the  great  muscular  rigidity.  The 
knee  joint  was  opened  as  described  above.  .\n  examination  of  the  interior  of 
the  joint  demonstrated  the  parts  intact.  Tlic  lilow  was  repeated  with  the 
joint  open. 

E.raminalion. — Fracture  of  the  tiliial  spine  occurred  close  to  the  insertion  of 
the  anterior  crucial  ligament. 

Exr'EKiMKNT  2. — The  same  technic  and  mechanism  were  employed  on  the  left 
knee. 

Result. — Rupture   of  the  anterior  crucial   ligament   occurred. 

ExPKRiMKNT  3. — This  was  performed  on  the  cadaver  of  a  middle  aged  white 
man,  whose  extremities  were  rigid,  with  possible  flexion  of  not  more  than  10 
degrees.  The  body  was  placed  in  a  supine  position.  The  tibia  of  the  left  knee 
was  supported  on  a  block,  the  end  of  which  was  flush  with  the  articular  surface 
of  the  tibia  (Fig.  3).  A  pad  was  applied  over  the  distal  and  anterior  surface 
of  the  thigh  and  a  heavy  blow  was  delivered  just  above  the  condyles  (Fig.  3  A) 
in  such  a  way  as  to  drive  the  femur  backward  and  a  little  outward,  the  object 
being  to  produce  tensile  stress  on  the  anterior  crucial  ligament,  in  the  direction 
of  its  longitudinal  axis. 

Result. — Laceration   of  the  anterior  crucial  ligament   occurred. 

Experiment  4. — The  same  technic  and  mechanism  were  employed  on  the  right 
knee  as  in  I-~xperiment  3. 

Result. — Laceration  of  the  anterior  crucial  ligament  resulted. 

Experiment  S. — This  was  performed  on  the  cadaver  of  a  white  man,  aged 
91  years,  a  laborer.  The  body  was  placed  in  a  supine  position.  The  left  knee 
was  rigid,  very  slight  flexion  being  possible.  The  proximal  e.xtremity  of  the 
leg  (tibia)  was  supported  as  in  Experiment  3.  A  pad  was  thrown  over  the 
distal  extremity  of  the  thigh  and  a  heavy  blow  was  delivered  just  above  the 
condyles  of  the  femur,  the  object  being  to  produce  tensile  stress  on  the  anterior 
crucial  ligament,  as  in  Experiment  3. 

Result. — A  comminuted  fracture  of  the  distal  third  of  the  femur  occurred, 
with  an  intercondylar  line  of  fracture  entering  the  joint,  also  fracture  of  the 
tibial  spine — a  small  fragment  of  bone  being  torn  off  by  avulsion  through  pull 
on  the  anterior  crucial  ligament. 
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ExPERiMtxT  6. — The  same  teclinic  and  mechanism  as  In  Experiment  5  were 
employed  on  the  rigid  right  knee. 

Result. — Fracture  of  the  lemur  occurred  at  the  lower  third,  as  well  as  frac- 
ture of  the  tibial  spine,  consisting  of  a  large  fragment,  measuring  1  by  1.5  cm. 

Experiment  7. — This  was  performed  on  the  cadaver  of  a  white  man,  aged 
82  years,  whose  knees  were  flexible.  The  body  was  placed  in  a  prone  position. 
The  distal  extremity  of  the  left  thigh  (femur)  was  supported  on  a  block  which 
was  placed  just  above  the  condyles.  The  distal  extremity  of  the  leg  was 
supported  by  a  block;  the  upper  part  of  the  sural  region  was  covered  by  the 
usual  pad  and  a  heavy  blow  was  delivered  just  below  the  tibial  tuberosities 
(Fig.  2B),  driving  the  tibia  forward  and  a  little  inward  on  the  femur.  The 
object  was  to  produce  tensile  stress  in  the  direction  of  the  longitudinal  axis 
of  the  anterior  crucial  ligament. 

Result. — The  plica  synovialis  patellaris  was  torn  over  the  anterior  crucial 
ligament ;  a  small  thin  scale  of  compact  bone  was  torn  from  the  lateral  and 
anterior  surfaces  of  the  medial  condyle  at  the  point  of  attachment  of  the 
posterior  crucial  ligament,  the  anterior  ligament  being  stretched,  rupturing  some 
fibers  (sprain). 

Experiment  8. — The  same  technic  and  mechanism  were  employed  on  the 
right  knee  as  in  Experiment  7. 

Result. — Fracture  of  the  tibial  spine  occurred  posteriorly,  the  fragment  being 
about  4  mm.  in  diameter. 

Comment. — Four  cadavers  were  used  for  line  eis^lit  experiments, 
with  the  following  results : 

{a)   Fracture  of  the  tibial  spine  occurred   four  times. 

(ft)  Laceration  of  the  crucial  ligaments  occurred  three  times. 

(c)  A  fragment  of  bone  was  torn  by  avulsion  from  the  feinoral 
condyle  once. 

The  fracturing  of  the  femoral  shaft  in  Experiments  5  and  6  was 
something  unusual  in  the  course  of  such  demonstrations.  The  age 
of  the  subject  has  to  be  taken  into  account,  for  probably  senile  atrophy 
of  the  bone  was  present.  In  none  of  the  other  experiments  was  there 
macroscopic  evidence  of  gross  injury. 

No  experiments  are  given  in  which  the  fenuir  was  driven  forward 
and  slightly  inward  (Fig.  2  D),  or  the  leg  driven  backward  and 
slightly  outward  (Fig.  2  C),  so  as  to  produce  tensile  stress  on  the 
posterior  crucial  ligament  in  the  direction  of  its  longitudinal  axis.  The 
results  of  such  experiments  have  been  just  as  positive  as  those  reported 
above,  in  which  stress  was  thrown  on  the  anterior  crucial  ligament. 
As  in  the  case  of  the  latter,  one  of  three  things  occurs,  namely :  fracture 
of  the  tibial  spine  posteriorly,  rui)ture  of  the  ligament  itself,  or  avul- 
sion of  a  fragment  of  compact  bone  at  the  point  of  insertion  of  the 
ligament  into  the  anterior  and  lateral  surface  of  the  medial  condyle. 
Macroscopic  or  objective  evidence  of  injury  is  just  as  unusual  as  in 
the  experiments  in  which  stress  was  thrown  u|)iin  tite  anterir)r  crucial 
ligament. 
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The  results  in  Experiments  7  and  8  are  ncit  in  accord  with  the  usual 
results  when  stress  is  exerted  uj)()n  the  anterior  crucial  ligament.  Mere 
an  element  of  variation  appears.  The  anterior  ligament  was  longer 
than  usual  ov  stretched,  throwing  the  tension  upon  the  posterior  liga- 
ment. 1  )r.  (Jscar  Allis  once  remarked  to  me  regarding  the  constancy 
of  results,  "If  we  do  not  get  the  results  we  desire,  we  get  something 
ju.st  as  interesting  and  instructive". 

Likewise,  there  is  no  report  of  results  of  experiments  in  which 
force  was  exerted  laterally  over  the  distal  extremity  of  the  femur  or 
proximal  part  of  the  tibia.  In  such  ex[)eriments  the  collateral  as  well 
as  the  crucial  ligaments  are  involved.  The  results  are:  fracture  of 
the  femoral  condyles,  or  in  lieu  of  this  the  tibial  tuberosity  or,  laterally, 
the  fibular  head;  rupture  of  the  ligaments,  rarely;  fracture  of  the 
tiljial  spine  or  rupture  of  the  crucial  ligaments,  or  avulsion  of  a  frag- 
ment of -bone  from  the  femoral  condyles  through  tensile  stress  upon 
these  ligaments,  with  a  varying  degree  of  dislocation,  depending  on 
the  direction  and  amount  of  violence.  The  giving  way  of  the  collateral 
or  crucial  ligaments  is  considered  by  Ross  as  an  essential  of  dislocation. 

The  results  of  experiments  in  which  rotatory  and  forcible  stress 
was  exerted  through  the  leg,  with  the  thigh  fixed,  or  vice  versa,  are  not 
so  satisfactory  on  account  of  the  rigidity  which  is  usually  i)resent. 
It  is  believed  that  muscular  action  plays  an  important  role  in  life. 
Fracture  and  rujjture  of  ligaments  are  obtained,  but  of  such  a  varving 
kind  as   to  preclude  positive  predictions. 

Dr.  Ross  '-^  in  his  Experiment  48,  by  fixing  the  left  femur  and  jerking 
the  leg  upward,  produced  a  subluxation  of  the  leg  posteriorly  on  the 
femur.  This  leg  was  dissected  with  the  following  results:  "Posterior 
subluxation  was  demonstrated,  with  sprain  fracture  of  the  inner  and 
outer  condyle  through  the  agency  of  the  posterior  and  anterior  crucial 
ligaments,  respectively,  sprain  fracture  of  the  inner  condyle  through 
the  agency  of  the  tibial  collateral  ligament,  sprain  fracture  of  the 
posterior  tibia  between  the  tubercles  through  the  agency  of  the  posterior 
capsule,  proved  by  microscopical  section,  separation  of  the  fil)ers  of 
the  semimembranosus  at  the  seat  of  its  expansion  into  the  posterior 
capsule  and  separation  of  some  of  the  fibers  of  the  inner  head  of 
the  gastrocnemius.  The  two  last  named  fiber  separations  were  clearly 
visible  to  the  unaided  eye."  This  citation  is  enough  to  show  the 
character    and    degree   of    injurv    in    such    cases. 

In  the  cadaver,  muscular  influence  as  a  vital  factor  is  necessarily 
nil.  Here  the  muscles  act  as  splints  and  more  or  less  neutralize  the 
applied  force,  depending,  of  course,  on  the  degree  of  rigor  mortis,  or 


,3.  Ro.ss,  G.G. :  A  Study  of  Sprain-Fraclurcs  a.s  an  Essential  to  the  Occurrence 
of  Dislocation.  .\nn.  Surg.  56:599,  1912. 
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in  the  embalmed  cadaver  on  tlu'  rigidity  due  to  the  embalming 
fluids,  as  in  my  Experiment  1  in  which  it  was  necessary  to  repeat  the 
application  of  force. 

CITATION     OF     PUBLISmCU     CASICS 

It  will  be  elucidating  and  convincing  to  note  carefullv  the  ^iniilarit\^ 
in  some  ways  between  my  experiniental  cases  and  certain  i>oiiUs  in 
those  that  follow. 

Dr.  Sidney  Lange  *  cites  two  cases  of  avulsion  of  the  tibial  spine: 

Cask  3. — Mr.  McD.,  while  wrestling,  accidentally  twisted  his  left  knee  and 
fell  to  the  floor.  He  suffered  great  pain  but  was  able  to  walk  to  the  hospital. 
Examination  was  negative;  but  a  roentgenogram  revealed  a  tearing  off  of  the 
tibial  spine. 

Cask  4. — Mr.  J.  D.,  while  attempting  to  alight  from  a  moving  street  car. 
twisted  his  left  knee  and  was  thrown  violently  to  the  ground.  He  was  unable 
to  arise,  owing  to  great  pain  in  his  knee.  ICxamination  was  negative.  A 
roentgenogram  showed  a  tearing  off  of  the  medial  condyle  of  the  femur  and  an 
avulsion  of  the  tibial  spine. 

These  cases  show  sudden  and  severe  strain  on  the  knee  joint,  which 
gave  negative  evidence  of  bruising  or  any  signs  of   fracture. 

Callender '^  has  reported  the  case  of  a  boy  (Case  17),  aged  12,  of 
healthy  appearance,  w^ho  gave  a  history  of  having  "some  days  previ- 
ously fallen  upon  some  ice,  and  had  struck  his  right  knee  a  severe 
blow  over  the  internal  condyle,  twisting  his  leg  in  his  fall.  He  limped 
home  but  his  complaints  were  made  light  of  by  his  parents.  Trouble 
followed.  The  knee  joint  was  opened ;  the  wound  was  allowed  to 
close,  pain  followed,  health  failed,  pus  formed  in  the  joint  and  the 
leg  was  amputated." 

Results  of  examination  of  the  nni.seiim  specimen  were  reported  thus : 

"Joint  gave  the  ordinary  appearance  of  an  inflamed  condition.  The  lower 
extremity  of  the  femur,  from  the  lateral  condyle  of  which  a  slice  has  been 
removed,  shows  on  the  portion  separated,  close  to  the  front  of  attachment  of 
the  anterior  crucial  ligament,  a  deep  cavity  lined  by  a  smooth  membrane.  By 
its  side  is  suspended  a  small,  oval-shaped  portion  of  bone,  which,  with  its 
surface  bare  and  rough,  was  loosely  contained  in  it."  The  following  comment 
is  made:  "There  can  be  no  doubt  that  this  portion  of  bone  had  been  unfastened 
from  the  condyle  by  some  strain  on  the  anterior  crucial  ligament  and  had 
necrosed,  probably  from  neglect  to  which  the  boy  was  at  first  subjected." 

The  following  very  interesting  and  convincing  case  has  been  reported 
bv  Dr  Ross:" 


4.  Lange.  Sidney:    .■Xnn.  Surg.  48:117,  1908. 

.r  Callender.  G.  \V. :  Fracture  Into  Joints,  Rep.  St.  IJartholomew's  Hospital 
6:51.  1870. 

6.  Ross.  G.  G. :  A  Case  of  Fracture  of  Intercondylar  Spine  of  Tibia.  Naval 
Med.  Bull.  18:294,  1919. 
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E.  \V.  H.,  aged  M\  ensign.  U.  S.  S.  Doxgluss,  was  ailniitted  Marcli  25,  com- 
plaining of  a  swollen  and  painfnl  left  knee.  He  gave  a  history  of  having  been 
strnck  on  the  posterior  surface  of  the  left  leg.  just  below  the  knee  joint,  by  a 
snatch  block  weighing  about  45  pounds  (16.7  kg.).  His  boat  was  in  the  harbor 
preparing  to  put  to  sea  and  the  block,  being  used  to  hoist  the  anchor,  was  under 
heavy  tension  and  flew  about  10  feet  (3  meters).  After  striking  the  patient, 
who  was  thrown  8  feet  (2.5  meters)  in  the  air,  the  block  glanced  off  and  struck 
a  large  galvanized  iron  bucket  filled  with  sand.  The  impact  was  so  great  that 
it  flattened  the  bucket.  The  patient  was  wearing  a  pair  of  high  hip  boots  folded 
down  in  such  a  manner  that  the  part  of  the  leg  struck  was  covered  by  about 
four  thicknesses  of  rubber. 


Fig.  4. — Experimental  fracture  of  tibial  spine  as  a  result  of  tensile  stress 
having  been  thrown  upon  the  anterior  crucial  ligament  using  mechanism  shown 
in  Figure  3:  (A)  ligamentum  cruciatum  anterius;  (B)  detached  tibial  spine; 
(C)  plica  synovialis  patellaris  drawn  to  one  side;  ( D)  meniscus  niedialis ; 
(£)  reflected  patella  and  ligamentum  patellae ;  knee  very  strongly  flexed. 


iMjr  the  moment,  the  patient  was  unconscious.  The  symptoms  and  treat- 
ment are  not  germane  to  tlie  subject  imder  consideration  and  will  be  omitted. 

Roentgen-ray  examination  revealed  a  transverse  fracture  of  the  intercondylar 
spine  of  the  left  tibia  in  good  position  and  with  some  excess  callus. 

Tlie  roentgemigram.s  showed  abmit  the  .same  conch'tion  as  my  own 
experimental  case,  of  which  I  submit  a  drawitig  and  roentgenogram 
(Figs.  4  and  .^  ). 
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COMMENT 

It  is  important  to  bear  in  mind  the  i)ossibility  of  variation  in  the 
structure  of  the  knee  joint,  fur  it  may  be  the  clue  to  (hfferences 
between  cases  of  injury  when  the  mechanism  is  simihir.  ami  to  explain 
discrepancies  in  reported  clinical  cases. 


Fig.  5.— Roentgenogram  showing  an  experimental  fracture  of  the  tibial 
spine;  knee  in  e.xten.sion ;  same  as  Figure  4;  mechanism  of  production  same  as 
that  shown   in   Figure  .3;   right   knee,  revcrseil   in   jirinting. 


When  stress  on  a  joint  is  at  variance  with  the  o|)timum  physiologic 
activity,  injury  is  imminent,  and  the  degree  of  such  injury  dejiends 
upon  the  relative  mechanical  advantage  or  disadvantage,  plus  the  indi- 
vidual peculiarities  regarding  the  relative  strength  of  the  several  parts 
at  the  critical  moment.  The  combination  of  factors  attending  each 
injury  is,   in  all  probability,  never  twice  exactly  alike. 
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'J'lie  condition  of  loose-jointedness,  in  different  degrees,  may  affect 
all  or  only  a  part  of  the  ligaments  of  a  joint.  In  the  case  of  the  knee 
joint  till-  collateral  ligaments  being  of  normal  or  average  length  impart 
to  the  joint  a  firmness  which  we  recognize  as  an  optimum  stability. 
Any  deviation  trom  this  condition  renders  the  joint  liable  to  displace- 
ments when  stress  is  exerted  upon  the  crucial  ligaments,  unless  the 
muscles  acting  on  the  joint  respond  in  such  a  way  as  to  supply  the 
firmness  that  is  lacking  through  looseness  of  the  collateral  ligaments. 
Again,  the  coll^te^al  ligaments  may  be  of  normal  or  optimum  length 
or  strength  ai  a  the  crucial  ligaments,  one  or  both,  unusually  relaxed, 
rendering  the  joint  vulnerable  to  minor  degrees  of  violence,  as  stress 
falls  upon  the  collateral  ligaments  and  indirectlv  upon  the  muscles  that 
act  on  the  joint. 

These  variant  factors  render  the  joint  open  to  injury  from  less 
forcible  stresses,  and  as  the  whole  mechanism  at  the  time  of  accident 
is  a  variable  and  complex  cjuantity,  depending  upon  the  individual 
peculiarities  and  combinations  of  spasmodic  muscular  activity,  it 
becomes  an  almost  impossible  task  to  determine  the  details  of  the 
mechanism  in  any  case  of  injury.  We  must  depend  on  an  explanation 
as  best  we   can, 

Treves'  states  that  from  one  surgical  point  of  view,  joints  may  be 
di\ide(l  into  three  groups:  (1)  those  that  depend  for  their  strength 
mainly  upon  ligaments:  (2)  those  that  are  mechanically  strong,  and 
that  derive  their  stability  to  a  great  extent  from  the  arrangement  of 
their  component  bones;  (3)  those  that  rely  for  their  support  principally 
upon  nniscles.  The  knee  joint  derives  no  strength  from  the  shape  of 
the  articular  surfaces,  since  the\-  are  merely  placed  in  contact  with  one 
another,  but  from  its  ligaments  and  secondarilv  from  muscles.  In 
front  is  the  powerful  quadriceps  extensor  muscle  of  the  thigli,  the 
tendon  of  which  acts  as  a  ligament  ( ligamentum  patellae)  of  the  joint: 
posteriorly,  the  popliteus  and  relatively  strong  gastrocnemius  of  the 
sural  group :  medially,  the  semitendinosus,  semimemljranosiis.  gracilis 
and  sartorius  :  latcrall}-.  the  bice]is. 

In  the  ordinary  activities  of  the  joint,  the  ligaments  are  reenforced 
by  these  muscles,  which  are  in  a  state  of  tonic  contraction  when  the 
joint  is  functioning.  ,\ny  deviation  from  an  optimum  combination 
necessary  to  the  normal  fulfilment  of  the  physiologic  requirements  will 
render  the  joint  vulnerable  when  stress  falls  in  some  particular  way. 

When  sudden  stress  is  thrown  upon  the  joint  as  at  the  time  of 
accident,  whether  it  be  a  misstep,  a  slip,  direct  violence  or  the  giving 
way  of  the  surface  upon  which  the  person  is  walking,  a  sudden  demand 
for  (|nick  and  coordinate  muscular  action  is  necessitated  to  reenforce 
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the  joint,  if  this  is  irregular  and  spasmodic  and  outside  the  usual  action 
some  one  muscle  acting  in  a  relatively  str()nt,'cr  way  than  normally, 
injury  may   follow. 

Cal lender  ■'  savs  it  is  the  "rule  that  hone  gives  way  before  lihrous 
tissue."  It  is  evident  that  in  the  extended  condition  (if  the  knee  joint 
twists  are  without  power  (unless  very  violent)  tn  cau>c  injury.  The 
condition  is  quite  diiYerent  when  the  joint  is  mure  or  less  flexed,  as 
reported  cases  show.  The  hice])s  nuiscK'  by  its  ])ower  of  external 
rotation  ])lays  an  important  part  in  the  mechanism  of  resulting  injury  ; 
or  it  may  be  the  po])liteus,  semitendinosus,  semimemljranosus,  gracilis 
and  sartorius  by  their  power  of  internal  rotation. 

Lange  *  calls  attention  to  the  relation  between  the  crucial  ligaments 
and  the  menisci  ( anterior  crucial  and  medial  meniscus  ;  jjosterior  crucial 
with  the  lateral  meniscus),  indicating  that  strains  ui)on  the  crucial 
ligaments  will  be  felt  by  the  menisci  and  that  dislocations  of  the  menisci 
may  be  accompanied  by   sprain-fractures. 

The  facts,  then,  which  must  be  taken  into  consideration  when 
studying  the  results  of  injury  to  the  knee  joint  are  these:  Allowances 
must  be  made  for  the  different  factors  entering  into  the  possible 
mechanism.  The  degree  of  force  is  at  times  not  of  sufficient  moment 
to  do  much  damage  and  yet  internal  injury  m.ay  be  present  in  the 
form  of  a  mild  strain  or  stretching  of  the  soft  parts;  of  sprain  or 
sprain-fracture.  Ross  and  Stewart  '  define  the  latter  as  "a  condition 
resulting  from  an  increase  in  tension  on  tendon  or  ligament,  or  from 
direct  violence  at  the  seat  of  tendinous  or  ligamentous  attachment  to 
bone.  It  is  a  separation  of  all  or  a  part  of  that  bone  to  which  tendon 
or  ligament  is  attached,  from  that  Iwne  of  which  it   formed  a  part." 

An  analysis,  then,  of  the  foregoing,  correlated  with  the  results  of 
the  experiments  already  given  with  those  of  the  clinical  cases  cited 
from  the  literature,  permits  of  the  following  conclusions : 

1.  A  strain  is  a  stretching  of  the  soft  ])arts  with  a  minimum  amount 
of  damage.  It  is  not  recognizable  macroscojiically,  causing  subjective 
symptoms. 

2.  A  sprain  is  a  rupture  of  the  soft  j)arts — ligaments  or  fasciae : 
recognizable  by  ecchymosis,  loss  of  function  and  pain,  the  symptoms 
of  which  are  both  subjective  and  objective. 

3.  A  sprain-fracture  is,  in  the  milder  form,  recognizable  only  by 
roentgen-ray  examination ;  in  the  severer  form  it  is  recognized  as  a 
part   of   the   pathology  of   dislocation. 

7.  Ross,  G.  G.,  and  Stewart.  M.  D. :  A  .Study  of  Sprain  Fracture,  .Xnn.  Surg. 
55:71.  1912. 
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In  the  milder  form  the  crucial  ligaments  are  involved,  in  combination 
with  a  strain  or  perhaps  a  sprain  of  the  collateral  ligaments,  or  injury 
to  the  menisci  ;  in  the  latter  both  the  collateral  and  crucial  ligaments 
are  involved,   witli  different  degrees  of  dislocation. 

In  experiments  in  which  stress  was  tiirown  upon  the  crucial  liga- 
ments in  an  anteroposterior  direction,  with  :i  little  outward  or  inward 
thrust,  the  resulting  injury,  due  to  pull  upon  the  crucial  ligaments, 
demonstrated  that  one  of  three  things  might  happen:  (  1)  rupture  or 
laceration  of  a  crucial  ligament;  (2)  fracture  of  the  tibial  spine,  and 
(3)  fracture  of  a  femoral  con<lyle  by  avulsion,  through  pull  on  a 
crucial  ligament  at  the  point  of  insertion.  These  three  elements  I 
shall   call   the   crucial  triad. 

Dissections  showed  a  minimum  amount  of  damage  to  the  collateral 
ligaments,  with  no  objective  evidence  of  injury.  The  roentgen  ray 
demonstrated  that  a  sprain-fracture  was  present. 

Ross  and  Stewart '  state  that  about  15  jjer  cent,  of  all  fractures 
are  sprain-fractures.  In  the  past  many  cases  of  fracture  have  passed 
unnoticed  under  the  diagnosis  of  "severe  sprain  of  the  knee." 

Preston*  considers  that  fracture  and  avulsion  of  the  tiljial  spine 
are  due  to  pull  of  the  crucial  ligaments  and  are  a  complicaticm  cif  disloca- 
tion of  the  knee,  and  that  avulsion  of  the  spine  occurs  in  lieu  of 
rupture  of  the  ligaments. 

Stimson  ^  says  that  avulsion  of  the  tibial  spine  was  known  only 
as  a  complication  of  dislocation  of  the  knee  before  the  introduction 
of  the  roentgen  rays,  and  says  further  that  recently  several  cases  have 
been  recognized  bv  aid  of  the  roentgen  rays  in  much  slighter  injuries 
of  the  knee  joint,  in  the  so-called  sprains  and  twists.  He  refers 
to  Lange's  *  article. 

Robert  Jones-  states  that  ru])ture  of  the  crucial  ligaments  and 
fracture  of  the  spine  of  the  tibia  occur  as  the  result  of  forcible  twisting 
of  the  knee  without  sufficient  displacement  occurring  for  the  case  to 
be  diagnosed  as  a  dislocation  of  the  knee. 

The  cases  cited  by  Lange  show  that  twisting  of  the  knee  played 
an  important  part  in  the  mechanism  of  the  injury,  and  demonstrate 
that  sudden  and  severe  strain  to  the  knee  joint  is  capable  of  producing 
injury  within  the  joint,  with  negative  evidence  of  bruising  or  any  signs 
of  fracture,  not  only  in  the  cadaver  but  in  the  living  subject  as  well. 
Lange  calls  attention  to  the  fact  that  in  his  Case  3  the  strain  was 
borne  chiefly  by  the  crucial  ligaments,  resulting  in  avulsion  of  the  spine 


8.  Preston,    M.    E, :     Fractures    and    Dislocations.    St.    Louis.    C.    V.    Mosby 
Company,  1915. 

9.  Stimson,  L.  .\. :    \  Practical  Treatise  on  Fractures  and  Dislocations,  Ed.  6, 
Pliilaclclpliia,  Lea  &  Febiger,  1910. 
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of  the  tibia.  His  Case  4  was  cnnipliirated  by  the  fact  that  tlie  strain 
was  apparently  felt  by  the  tibiofemoral  collateral  ligament  which  tore 
ofY  its  femoral  (medial  condyle)  attachment.  This  was  followed  by 
stress  on  the  crucial  ligaments  as  shown  by  the  injury. 

In  Callender's  "'  case  of  the  boy,  12  years  old,  who  fell  on  some  ice 
and  struck  his  right  knee  a  severe  blow  over  the  medial  condyle,  twisting 
his  leg  in  his  fall,  final  results  showed  avulsion  of  a  fragment  of  bone 
from  the  medial  surface  of  the  lateral  femoral  condyle  at  the  point  of 
insertion  of  the  anterior  crucial  ligament.  Twisting  played  an  important 
part  in  the  mechanism  of  the  injury  in  the  three  cases  just  cited.  It 
is  through  this  twisting  tliat  tensile  stress  in  the  direction  of  the 
longitudinal  axis  of  the  anterior  crucial  ligament  is  brought  about. 

It  makes  no  diflference  whether  the  femur  is  carried  forcibly  back- 
ward and  a  little  outward,  or  whether  the  tibia  is  carried  forcibly 
forward  and  a  little  inward  with  twisting,  for  under  the  remarks  on 
surgical  anatomy  it  was  stated  that  in  flexion  the  tibia  rotates  inward, 
and  when  this  occurs  under  sudden  stress  with  the  leg  undergoing 
flexion,  sudden  and  heavy  stress  is  thrown  upon  the  anterior  crucial 
ligament,  for  it  is  probable  that  the  tibia  moves  forward  as  well  as 
rotates  inward.  It  has  been  stated  above  that  the  whole  mechanism 
of  injury  is  variable  and  complex,  depending  u])on  the  individual  pecu- 
liarities and  combinations  of  irregular  muscular  activities,  so  that  it 
is  impossible  to  determine  the  details  attending  the  accident.  These 
activities  modify  the  results  of  pure  violence  in  manifold  ways. 

The  case  cited  by  Ross,"  and  quoted  above,  regarding  the  ensign 
on  the  U.  S.  S.  Douglass,  agrees  in  a  most  gratifying  way  in  illustrating 
that  force  applied  over  the  U()per  and  back  part  of  the  leg,  driving 
the  tibia  forward,  as  demonstrated  in  the  experiments  given  above, 
will  produce  fracture  of  the  tibial  spine.  Even  the  pad  was  present  in 
the  folded  top  of  the  rubber  boot.  The  exact  details  of  the  mechanism 
of  production  are  not  known  as  is  always  the  case. 

The  consideration  of  the  foregoing  cases  is  sufficient  to  ])r(ive  to  a 
certain  extent,  at  least,  my  findings  in  experimental  work. 

SL"M.M.\KV 

The  foregoing  resume  and  results  of  ex|)erimcntation  appear  to 
warrant  the  following  statements : 

1.  Variation  in  the  anatomic  constituents  of  a  part  must  be  con- 
sidered. These  affect  size,  strength  and  length,  and  are  often  a  part 
of  a  peculiar  body  habitus. 

2.  \'ariations  in  anatomic  structures  may  jjredispose  the  individual 
or  part  to  injury  from  less  forcible  rlegrees  of  stress  than  are  ordinarily 
capable  of  producing  such   injury  in  parts  of  optimum  stability. 
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3.  Injuries  td  the  knee  joint  wiiich  may  apjiear  slight  or  trivial 
are   (lecasionally   accdnipanied   by   a   crucial    triad    inxulvement. 

4.  All  injuries  to  juints  should  lie  considered  seriously,  not  only 
for  the  sake  of  possible  strain,  sprain  or  s|irain- fracture,  but  as  form- 
ing a  point  of  least  resistance. 

5.  Sprain-fracture  of  the  knee  joint  may  be  present  without  giving 
objective   symptoms.     Roentgenograms   reveal   the   fracture. 

6.  Rupture  of  a  crucial  ligament  may  be  present  without  giving 
objective  symptoms,  except  as  stated  under  paragraph  16,  and  is  not 
shown  by  roentgenograms. 

7.  Experimental  fractures  of  the  spine  of  the  tibia  agree  closely  in 
character  and  mechanism  of  production   with  actual  clinical  cases. 

8.  Sprain-fracture  or  rupture  of  ligaments  occurring  consistently 
in  experimental  procedures  on  the  cadaver  afford  the  most  i)ositive 
proof  of  the  fact  that  injuries  are  permitted  to  occur  in  this  way; 
failure  to  demonstrate  such  injuries  in  experimental  tests  on  cadavers 
means  nothing   (Ross). 

9.  Experiments  on  the  cadaver  have  demonstrated  that  force  applied 
over  the  distal  and  anterior  surface  of  the  thigh  (femur),  driving  the 
femur  Ijackward  on  the  tiliia  when  the  leg  is  fixed,  will  produce  rupture 
of  the  anterior  crucial  ligament  (greater  force  rupturing  both  crucials), 
and  fracture  of  the  tibial  spine  anteriorly  or  avulsion  of  a  fragment 
of  bone  from  the  femoral  condyle  at  the  jjoint  of  insertion  of  the 
ligament,    resulting    in    crucial    triad    involvement. 

10.  Experiments  on  the  cadaver  have  given  direct  proof  that  similar 
results  may  be  obtained  when  the  tibia  is  driven  forward  by  force 
applied  to  the  upper  and  posterior  part  of  the  leg,  driving  the  tibia 
forward  on  the  femur,  the  thigh  being  fixed. 

11.  Inward  rotation  of  the  leg  (tibia),  when  it  is  more  or  less 
flexed,  niav  result  in  injury  to  the  lateral  meniscus  or  may  involve  an 
element  of  the  crucial  triad. 

12.  Inward  rotation  of  the  leg  may  be  accomplished  by  direct  action 
of  the  muscles  (  sartorius,  gracilis,  etc. )  or  by  mechanical  violence. 

1.1.  Outward  rt)tation  of  the  leg  (tibia),  when  it  is  more  or  less 
flexed,  niav  lacerate  the  medial  meniscus,  or  involve  an  element  of  the 
crucial  triad. 

14.  Outward  rotation  of  the  leg  is  accomplished  by  action  of  the 
bice])s   fenioris  muscle,  or  by  mechanical  violence. 

l.T.  \'iolence  applied  laterally  to  the  knee  results  in  a  comjilicated 
injurv — fracture  of  femoral  condyles,  tibial  tulierosities  or  fibular  head, 
cruci.al  triad  involvetnent,  with  dislocation  of  the  knee  in  any  degree 
according  to  the  cliaracter  of  the  violence. 
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16.  When,  after  an  injury  to  the  knee,  it  is  found  that  the  tibia  can 
be  displaced  backward  or  forward,  or  rotated  inward  in  the  extended 
position,  an  injury  of  one  or  both  crucial  ligaments  may  be  diagnosed. 
Such  patients  complain  of  preternatural  nmliility  and  insecurity  in  the 
knee  (  Robert  Jones  ^). 

17.  When  in  the  extended  position  tlie  tibia  cannot  be  displaced 
forward,  it  may  be  assumed  that  the  anterior  crucial  ligament  is  not 
torn  across.  If  in  full  fle.xion  the  tibia  cannot  be  displaced  backward, 
the  posterior  crucial  ligament  is  not  ruptured  (Robert  Jones  -). 

18.  It  should  be  borne  in  mind  that  no  two  injuries  are  exactly  alike, 
either  in  pathology-  or  in  mechani.sm  of  production ;  that  the  results  are 
the  outcome  of  complicated  interactions  at  a  critical  period  of  tiine,  of 
external  violence,  individual  peculiarities  and  com])lex  spasmodic 
mu.scular  actions,  and  that  diagnostic  statements  are  but  gtiides  to  indi- 
vidual deductions  in  each  particular  case  of  injury  that  is  of  clinical 
interest. 


OBSERVATIONS     ON     THE    CORRECTIVE    AND 
OPERATIVE     TREATMENT     OF     STRUC- 
TURAL    SCOLIOSIS  * 

ARMITAGE     WHITMAN,     M.D. 

NEW     VOKK 

In  summarizing  three  years'  experience  in  the  treatment  of  structural 
scoliosis  of  unknown  cause,  it  has  seemed  best  to  begin  with  a  short 
discussion  of  scoliosis  in  general,  and  of  the  theory  and  practice  of  its 
treatment,  in  order  to  make  clear  the  gradations  which  finally  led  to 
the  introduction  of  the  operation.  It  must  be  understood  that  the 
experiences  on  which  these  remarks  are  based  are,  with  one  exception, 
those  of  hospital  practice.  If  the  subject  of  scoliosis  appears  to  be 
taken  seriously,  it  is  because  the  cases  I  have  seen  are  seriotis  and  are 
so  regarded  by  the  patients  themselves. 

Among  the  most  discouraging  subjects  with  which  orthopedic  sur- 
geons have  to  deal  is  rotary  lateral  curvature  of  the  spine.  It  is  not 
necessary  in  an  article  of  this  character  to  make  an  exhaustive  catalogue 
of  its  well  known  causes.  The  most  common  and  important  are  various 
diseases  of  the  nervous  system,  rickets,  empyema,  torticollis,  and 
vertebral  malformations.  Less  common  are  inequality  in  the  length  of 
the  legs,  astigmatism,  general  muscular  insufficiency — in  general,  any- 
thing which  afi'ects  the  balance  or  symmetry  of  the  body. 

Aside  from  these  cases,  to  which  a  cause  may  definitely  be  assigned, 
there  remains  a  large  and  extremely  important  class  in  which  I  am 
partictilarly  interested :  scoliosis  of  tmknown  origin,  or,  to  use  a  term 
which  I  shall  employ  for  the  sake  of  brevity,  "idiopathic  scoliosis." 

There  have  been  many  theories  advanced  as  to  the  etiologic  factor 
in  this  group.  Some  believe  it  to  be  unrecognized  anterior  poliomyelitis  ; 
others,  malformations  of  the  fifth  lumbar  vertebra;  and  still  others, 
slouchy  posture,  or  the  persistent  assumption  of  a  faulty  attitude. 

I  have  examined  all  the  cases  in  this  series  for  evidence  of  anterior 
poliomyelitis,  and  have  not  found  it.  In  cases  in  which  scoliosis  is 
definitely  caused  by  this  disease,  it  is  originally  overlooked  because  the 
unilateral  abdominal  paralysis,  or  weakness,  which  is  usually  its  cause  is 
not  sought  for  by  a  methodical  routine  exainination,  and  often  escapes 
attention.     It  may,  however,  subsequently  be  demonstrated  if  present. 

Malformations  of  the  fifth  lumbar  vertebra  have  not  been  observed. 
No  two  surgeons  can  be  found  who  will  agree  as  to  what  the  roentgeno- 
graphic  appearance  of  a  normal  fifth  lumbar  vertebra  should  be.    Aside 


*  From   the   Hospital   for  the   Kuptured   and   Crippled,  service  of   Dr.   Royal 
Whitman. 
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from  this  difficulty,  however,  there  is  the  theoretical  objection  that  a 
curvature  arising  from  such  a  source  should  be  the  response  to  a  constant 
variation,  and  that,  the  source  remainintr  the  same,  the  variation  should 
proceed  to  a  point  of  compensation  and  there  cease.  I  think  that  no 
one  would  venture  to  say  witli  certainty  when  a  given  case  of  scoliosis 
had  arrested  its  progress. 

All  authors  mention  undernourishment,  poor  muscular  tone,  slouchy 
attitude ;  in  other  words,  the  physically  sloppy  persons,  as  being  typical 
subjects  of  the  deformity.    Oddly  enough,  however,  I  have  not  observed 


Fig.  1. — Left,  back   before   treatment;    right,   side  view  before  treatment. 

this  to  be  so.  All  girls  nowadays  are  under  the  influence  of  the 
debutante  slouch,  the  attitude  in  which  the  abdomen  becomes  the  most 
prominent  feature.  The  patients  in  my  series,  as  will  be  seen  from  their 
photographs,  were  neither  particularly  slo|)py  nor  particularly  weedy. 

All  that  we  are  entitled  to  say  of  this  class  of  cases,  therefore,  is  that 
girls  are  evidently  far  more  commonly  affected  than  boys,  and,  as  it  is 
very  uncommon  in  quadrupeds,  that  it  is  probably  largely  a  fault  sub- 
sequent to  the  assumption  of  the  upright  attitude. 

The  type  of  patient  with  whom  we  are  dealing,  then,  is  a  girl  between 
the  ages  of  12  and  16  years,  presenting  a  fixed,  or  structural  scoliosis. 
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a  clctormilv  which  cannot  be  corrected  l)v  a  change  of  attitmle,  and 
in  which  the  normal  structure  (if  a  verteljra,  or  vertel)rae.  has  already 
been  altered.  We  are  dealiniL;-,  ihcreforc,  with  a  condition  of  whose 
origin  we  are  practically  ignoranl,  and  of  whose  conrse  in  a  given  case 
we  are  uncertain. 

\ARiins    coNRix  ri\ic    Mirninns 

Since  the  time  of  Hippocrates,  various  methods  of  correction  have 
been  attempted  :  e.xercises.  and  ap])aratus  applied  with  the  patient  sus- 
pended, with  the  patient  prone,  with  lateral  traction,  and  with  direct 
pressure  on  the  ribs.  Dr.  .Mihoit.  at  length,  introduced  an  iinjjortani 
variation  in  that  he  worked  on  the  principle  that  the  spine  was  more 
easily  rotated — untwisted — in  the  attitude  of  full  flexion,  when  the 
articular  processes  were  thus  separated  as  far  as  possible.  ( )nce  the 
rotation  was  corrected  the  straightening  of  the  lateral  deformity  would 
be  easy.  He  also  emphasized  the  necessity  of  maintaining  overcorrec- 
tion imtil  accommodative  changes  in  the  spine  had  taken  place.  In 
practice,  at  least  in  the  experience  at  the  Hospital  for  the  Ruptured  and 
Crippled,  this  did  not  prove  as  simple  as  it  sounds.  The  patient  was 
often  sacrificed  to  his  curvature ;  and  the  secondary  deformities, 
muscular  atrophies  and  pressure  sores  resulting  from  the  corrective 
jackets  might  leave  the  last  state  of  the  patient  worse  than  the  first. 

The  insuperable  obstacle  to  efficient  treatment  of  this  deformity  is 
that  in  any  ambulatory  treatment  we  are  forced  to  attempt  to  straighten 
a  tree  by  applying  ])ressure  to  its  branches.  There  is  another  horti- 
cultural principle  in  the  background:  a  growing  ])lant.  such  as  a 
cucumber,  introduced  into  a  vessel,  will  in  time,  with  the  process  fif 
growth,  adapt  itself  to  the  shape  of  the  vessel.  In  other  words,  applying 
straight  plaster-of- Paris  jackets  to  a  growing  luidy  will  in  time  induce 
the  body  to  grow  straight. 

We  are  hampered  by  the  fact  that  the  deformity  to  the  average 
patient  does  not  present  itself  as  a  condition  requiring  surgical  care 
and  that  its  treatment  must  be  confined  within  those  limits  to  which  the 
patient  will  consent.  In  the  majority  of  cases  it  must,  therefore,  be 
ambulatory. 

In  the  cases  in  question,  however,  there  has  been  one  point  favorable 
to  the  success  of  the  treatment,  namely,  that  the  patients,  between  the 
ages  of  12  and  19,  came  to  the  hospital  voluntarily  because  they  were 
concerned  about  their  unsightly  aj)]3earance,  and  therefore  they  did  not 
have  to  be  browbeaten  or  jiersuadcd  to  undertake  a  treatment  of  con- 
siderable severitv. 

.\s  ;i  reaction  against  the  unpleasant  secondary  eftects  of  the  Abbott 
treatment,  1  )r.  Whitman  suggested  the  a])plication  of  [)laster-of-Paris 
jackets  with  the  patient  suspended,  and  in  full  extension  and  rotation. 
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Fig.  2. — Patient  suspended,  heels  just  touching  ground;  showing  prchminary 
felt  padding  and  direction  of  pull  of  traction  bands. 
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This  treatment  has  gradually  lieen  niii(ht"ie(l  and  the  rotation  largely 
given  up.  Tlie  jacket  is  now  ajiplied  with  the  patient  suspended,  in 
full  extension,  with  traction,  and  pressure  over  the  protruding  ribs.  A 
large  window  is  cut  out  over  the  hollow  side,  to  encourage  the  expansion 
of  the  che>t.     The  high  shoulder  is  included  in  the  ]}laster  to  hold  it 


Fig.  3. — Preliminary    padding,    showing    band    pulling    in    oblique    direction 
directly  against  convexity  of  ribs;  also  assuring  hypere.xtension  of  spine. 


down  and  the  j)lasler  carried  as  high  as  [lossible  under  the  arm  on  the 
low  side  to  throw  the  body  in  the  reverse  direction.  The  patient  is 
never  allowed  to  stand  or  sit  unsupported,  even  when  the  jackets  are 
being  changed. 
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Fig.  4. — Jacket  applied. 
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The  full  details  of  the  a|)]>!irali(iii  of  this  type  (if  jacket  are  ])i-e- 
sented  in  Dr.  Kleinberg's  article.'  (  )iie  nindificatidn  of  the  treatment 
he  describes  has  been  introduced.  1  lia\e  had  a  third  upright  added  to 
the  frame  in  which  the  jackets  are  applied.  This  bar  moves  from  a 
fixed  point  midway  between  the  other  two  and  may  thus  be  placed  at 


Fig.  5. — Jacket  applied. 


any  ])f)ini  on  the  circumference  of  a  half  circle.  By  this  means,  the 
traction  is  made  on  a  line  directly  antagonistic  to  the  point  of  greatest 
curvature  of  the  ribs.  It  also  aids  cnnsiderablv  in  assuring  hvper- 
extension  of  the  .spine. 


Klcinlierfi,  S. :    Scoliosi.s,  Surg.  Gyiux.  &  Obst.  32:364   (April)    1921. 
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Dr.  Lovett  -  objects  to  suspension  on  the  ground  that  no  one  attempts 
to  straighten  a  bent  stick  by  pulling  on  its  ends,  and  that  the  greater  the 
tension  tiuis  produced,  the  more  ineffective  must  be  any  attem])t  at 
lateral  bending.  On  the  other  hand,  no  one  would  be  condemned  for 
trying  to  straighten  the  warped  shaft  of  a  golf  club  by  hanging  it  up 
in  a  moist  atmosphere  with  a  weight  on  its  end.  These  considerations 
are  more  or  less  theoretical.  Practically,  however,  we  have  e.Kperienced 
an  objection  to  the  application  of  jackets  in  the  prone  ])osition,  in  that 
thev  are  likely  to  be  e.xceedinglv  uncomfortable,  and  to  necessitate  the 
patient's  lying  down  at  frequent  interval^.  We  consider  the  advantage 
of  the  present  method  to  be  that,  uj)  to  the  linal  stage,  the  treatment 
is  entirelv  ambulatory. 


Fig.  6. — Left,  completed  jacket ;  center,  showing  extent  of  fenestrum.  eleva- 
tion of  low  shoulder,  complete  obliteration  of  original  convexity  on  the  right 
side ;  right,  side  view. 

Although  theoretically,  and  in  accordance  with  the  experiments  of 
Dr.  Lovett,  the  spine  is  perhaps  locked  in  extension,  clinically  we  have 
by  this  means  succeeded  in  considerable  correction  of  the  curvature,  as 
shown  by  the  roentgen  ray,  and,  what  is  more  important,  in  great 
improvement  of  the  external  a])pearance  of  the  trunk,  the  inatter  about 
which  the  patient  herself  is  chiefly  concerned.  One  patient,  coming  from 
West  \'irginia,  and  thus  at  a  flisadvantage  as  regards  supervision,  found 
the  treatment  exhausting,  lost  weight  and  was  forced  to  abandon  it. 
The  others  have  gone  about  their  ordinary  pursuits,  and  in  most  cases 
their  general  condition  has  noticeably  improved.  The  gain  in  height 
and  the  imprfivemcnt  in  color  and  complexion  have  been  striking.    The 


2.  Lovett,    R.   W. :    lateral    Curvature   of    the   Spine   and    Rmnid    .Shoulders 
Philadelphia.  P.  Blakiston's  Son  &  Co .  KO?.  p.  129. 
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jackets  are  changed  at  intervals  of  twii  months.  There  has  licen  one 
small  pressure  sore,  which  did  not  necessitate  the  removal  of  the 
plaster. 

The  use  of  the  corrective  jackets  is  kept  up,  naturally,  as  long  as 
correction  of  the  cur\ature,  as  shown  in  the  roentgenogram,  is  seen  to 
be  progressive.  In  one  case,  of  a  long  single  curve,  the  condition  has 
been  fully  corrected.  Here  let  me  einphasize,  however,  that  "fully 
corrected"  means  simply  that,  according  to  the  roentgenogram,  the  lateral 
curvature  of  the  spine  has  been  corrected.  Anatomically,  I  doubt 
whether  the  rotation  has  been  at  all  affected,  except  as  it  is  influenced 


Fig.  7. — Tlie  coiive.K  stretilier  frame,  with   traction  on  the  head  and   pelvis, 
used  fiefore  and  after  operation. 


by  the  extension,  and  I  lielieve  that  the  external  ini])ro\ement  in  the 
appearance  of  the  trunk  is  due  simply  to  the  lengthening  of  the  sjjine 
and  to  the  pressure  of  the  jacket  on  the  more  or  less  elastic  ribs.-'' 
Usually,  however,  the  typical  right  dorsal  curve  will  improve  up  to  a 
certain  point,  and  there  remain,  further  attemjjts  at  correction  causing 
only  exaggeration  of  the  ctu'ves  above  and  below  it,  which  is  useless  and 
undesirable. 


3.  Dr.  Kleinherg  tells  me  that  he  has  observed  by  the  roentgen  ray  apparent 
complete  correction  of  the  rotation  in  two  cases.  In  both  of  these  cases  there 
was  subsequent  relapse. 
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THE     FUSION     OPERATION 

One  is  then  faced  with  the  prohlem  of  what  to  do  next.  If  a 
straight  jacket,  removable  plaster  corset,  or  a  brace  is  applied,  the 
patient  will  relapse  to  a  greater  or  less  extent.  The  correction  of  the 
spine  can  be  maintained  only  by  the  jacket,  applied  in  the  deforming 
attitude,  which  is  repugnant  to  the  patient.     The  prospect  of  wearing 


Fig.  8. — Left,    back    four    inontlis    after    operation;    right,    side    view    after 
operation. 

apparatus  for  from  two  to  four  years,  while  the  accommodative  changes 
in  the  spine  take  place,  is  not  alluring.  In  seeking  an  exit  from  this 
situation,  I  became  interested  in  the  fusion  operation  on  the  spine,  as 
performed  by  Dr.  Ilibbs.  The  method  ha--  also  been  resorted  to  by 
nature  in  cases  of  spinal  caries. 
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Theoretically,  the  artjnnient  fur  the  dperatinn  wmild  Ije  this:  We 
may  assume,  except  in  the  ca>e  cit  ciir\atiires  developing  from  perfectly 
well  known  causes,  and  in  cases  of  long  single  curves,  that  there  is 
originally  a  primary  curve,  in  response  to  which,  in  order  to  maintain 
the  balance  of  the  body,  a  secondary  curx'e  develops.  If  we  can,  by 
any  means,  check  the  progress  of  the  primary  curve,  the  secondary 
curve  should  have  no  excuse  for  progressing.  Also,  by  providing  a 
certain  area  of  stiffness,  one  might  facilitate  muscular  control,  on  the 
principle  that  it  is  easier  to  balance  a  stick  than  a  rubber  tube. 

On  the  basis  of  this  theory,  then,  the  operation  was  proposed. 
Curiously  enough,  the  first  patient  was  the  sister  of  a  girl  who  had  been 


Fig.  9. — After  operation,  patient  bending  forward  to  show  the  obhteration  of 
the  convexity  of  the  ribs. 


treated  at  the  hosjiital  by  the  Abbott  method  for  four  years,  absolutely 
without  success,  and  had  eventually  developed  the  most  extreme 
deformity.  She  was,  therefore,  alive  to  the  im]Jortance  of  her  condition, 
and  peculiarly  intelligent  as  to  the  rationale  of  treatment.  It  was 
ex])laine(l  to  her  that  the  operation  was  a  new  departure,  at  least  at  the 
Iliispiial  for  tlie  Ruptured  and  Crippled  (and  I  believe  Dr.  Hibbs  and 
Dr.  Forbes  have  confined  theinselves  to  cases  of  paralytic  origin),  and 
entirely  experimental  in  character.  She  was  told  that  the  spine  having 
been  corrected  up  to  a  certain  point  and  the  external  symmetry  of  the 
trunk  practically  restored,  the  operation  was  performed  for  the  purpose 
of  intern.al,  r.-it'^er  than  external,  ■  ]ilintinL,'.  to  maintain  the  degree  of 
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correction.  In  oilier  words,  it  was  a  choice  between  operation  and  the 
wearing  of  a  brace,  jacket  or  corset  for  between  tliree  and  four  years. 

The  operation  was  performed  in  June,  1920.  The  patient  was  then 
placed  in  a  pla.ster  .shell,  and  two  weeks  later  a  corrective  jacket  was 
applied,  wliich  she  wore  home.  Unfortunately,  the  correction  was  a 
little  too  successful,  in  that,  when  the  spine  stiffened,  it  maintained  the 
elevation  of  the  previously  low  slioulder,  although  no  such  correction 
can  be  seen  in  the  roentgenogram.  This,  however,  is  not  evident  on 
casual  inspection,  and  is  of  no  importance.  Plaster  jackets  were  worn 
for  four  months  after  the  operation.  Since  (October,  1920,  the  patient 
has  been  without  support.  The  dorsal  spine  appears  stifT ;  there  has  been 
no  appreciable  increase  in  the  deformity,  either  externally  or  roentgen- 
ographically ;  the  patient  looks  well,  and  is  satisfied  with  the  result. 
Her  influence  has  been  strong  in  urging  other  patients  to  submit  to 
operation. 

Since  July,  1920,  I  have  ojjcrated  on  fifteen  jjatients,  and  tlic  nmtine 
of  treatment  and  the  details  of  the  operation  have  been  varied.  It  is 
now  the  practice,  on  removal  of  the  jackets,  to  place  the  patients  on  tlie 
convex  stretcher  frame  for  a  few  days  previous  to  the  operation,  to 
allow  them  to  become  accustomed  to  tiie  frame,  and  to  provide  oppor- 
tunity for  thorough  cleansing  of  the  skin.  Following  tlie  operation,  the 
patient  is  placed  directly  on  the  frame  and  there  remains  for  two 
months.  .-\s  soon  as  the  postoperative  discomfort  has  subsided,  traction 
is  applied  to  the  head  and  pelvis,  gradually  increased  to  as  much  as 
20  pounds  (9  kg.)  on  the  head  and  30  pounds  (  13.6  kg.)  on  the  pelvis. 
I  do  not  feel  that  the  traction  is  of  any  particular  importance  except  as 
a  means  of  assuring  the  immobility  of  the  patient.  The  frame  itself 
assures  hyperextension  of  the  spine,  the  position  in  which  residual 
deformity,  if  present,  is  least  evident,  and  encourages  chest  expansion  ; 
and  the  pressure  of  the  body  weight  is  of  service  in  reducing  the 
protrusion  of  the  ribs.  We  have  also  lately,  both  before  and  after 
ojjeration.  applied  traction  in  an  anterolateral  direction  against  the  con- 
vexity of  the  ribs  in  the  manner  employed  during  the  application  of  the 
jackets.  This  seems  to  be  of  real  service  in  reducing  the  ajjparent 
defornn'ty. 

The  operation  is.  as  a  rule,  accompanied  by  considerable  shock, 
depending  a  great  deal,  of  course,  on  the  time  consumed  in  performing 
it.  This  has  varied  from  an  hour  to  an  hour  and  three-quarters.  The 
patient's  position  places  the  anesthetist  at  a  disadvantage.  In  two  cases, 
it  has  been  necessary  to  remove  the  patient  from  the  frame  during  the 
night  following  the  operation.  One  can  think  of  no  theoretical  reason 
for  this  removal,  but  practically  putting  the  patient  in  his  accustomed 
environment — bed — seems  to  sooth  and  reassure.  There  have  been  no 
deaths  and  no  infections. 
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1  have  been  surprised  at  tlie  lack  nf  i)ain  fullDwing  the  operation. 
1  discovered  one  patient,  on  the  eighth  day,  turned  on  her  face,  propped 
on  iier  elbows  and  conversing  with  a  visitor.  I  was  at  first  troubled  by 
the  amount  of  movement  ]X'rmitted  on  the  frame,  but  have  lately  solaced 
myself  with  the  idea  that,  as  asserted  by  the  advocates  of  the  treatment 
of  fractures  by  traction  and  suspension,  a  certain  amount  of  movemeiit 
luight  tend  to  an  exuberant  callous  formation.  It  is  my  impression  that 
the  patients  on  the  frames  have  stiffened  more  (|uickly  than  the  ones 
who  were  placed  at  once  in  plaster. 

The  patient  remains  on  the  frame  for  two  iiKJiiths,  by  which  time 
stifitness  of  the  area  of  operation  seems  established.  A  .short  straight 
jacket  is  then  applied,  to  maintain  the  balance  of  the  trunk,  and  to  pre- 
\fnt  the  area  of  operation  from  being  subjected  to  any  strain,  in  the 
same  way  in  which  one  would  wish  to  i)rotect  a  fractured  feiuur  for 
some  time  after  bony  union  appeared  iirm.  This  jacket  is  worn  for 
almut  two  months.  Soiue  patients  are  then  ;ible  lo  go  without  any 
suppnrt  whatever.  In  others,  it  will  be  found  that  the  long  period  of 
external  support  and  inactivity  of  the  .spinal  muscles,  usually  about 
eighteen  months,  has  so  weakened  the  area  untouched  by  operation  that 
the  patients  sufifer  considerably  from  weakness  and  backache.  In  such 
cases,  we  apply  a  brace  or  corset,  and  institute  graduated  exercises  for 
the  weakened  muscles. 

The  operative  technic  has  Ijeen  graduall\'  worked  into  a  combination 
of  the  Hibbs  and  Forbes  operations.  The  periosteum  is  carefully 
removed,  and  a  thorough  attempt  is  made  to  destroy  the  intervertebral 
articulations,  as  in  the  Hibbs  operation.  The  laminae  are  then  more 
roughly  treated  than  in  Dr.  Hibbs'  procedure,  several  sections  of  bone 
being  pried  up  on  each  side.  The  spinous  processes  are  split  horizontally 
and  vertically,  and  bent  u])ward  and  downward,  providing  very  satis- 
factory interdigitation.  The  ligaments  are  united  with  chromic  gut.  I 
must  say  that  the  variati(.)ns  in  the  operative  technic  have  been  caused 
by  the  inward  promptings  of  the  oi)erator  who  wished  to  perform  as 
apparently  thorough  an  operation  as  ])ossible,  rather  than  by  any 
unsatisfactory  results  from  either  of  the  original  technics. 

CONCLUSIONS 

This  treatment,  it  will  be  seen,  develops  as  the  result  of  a  discourage- 
ment with  all  previous  methods.  Its  efTect,  by  providing  opportunities 
for  observation  on  the  exposed  spine,  has  been  more  discouraging  still. 
I  have  found  in  backs  in  which,  according  to  the  roentgen-rav  exaiuina- 
tion,  the  lateral  curvature  was  almost,  or  entirely,  corrected,  a  surprising 
degree  of  rotation  persisting.  A  patient  of  14  years,  under  treatment  for 
more  than  a  year,  in  whom  the  deformity  had  been  noticed  only  a  few 
dax's  before  admission  to  the  hospital,  had.  at  operation,  a  very  marked 
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rotation  and  distortion  of  the  vertebrae.  Force  sufficient  to  fracture 
a  spinous  process  has  been  applied  on  several  occasions  without  having 
the  slightest  efl'ect  on  the  rotation,  and  that  following  removal  of 
all  the  posterior  ligaments  of  the  spine,  with  the  ]jatient  prone  and 
anesthetized.  How,  then,  may  we  expect,  anatomically,  to  correct 
deformity  of  the  spine  by  any  ambulatory  treatment,  and  when  all  the 
force  we  are  able  to  exert  can  be  applied  only  lo  the  ribs?  It  is  con- 
ceivable that  prolonged  rest  on  the  stretcher  frame  might  concci  ilie 
deformity,  but  I  can  conceive  of  no  ])atient  who  would  submit  to  such  an 
indefinite  prolongation  of  recumbency. 

This  experiment  might  be  of  interest  in  connection  with  the  opera- 
tion proposed  in  January,  1894,  by  Dr.  Shaffer,''  who  suggested 
operating  in  early  cases,  by  .severance  of  the  costotransverse  ligaments 
and  any  other  opposing  structures;  then,  by  actual  instrumental  force 
applied  to  the  transverse  processes,  reducing  the  malposition  of  the 
vertebrae,  a  procedure  which  he  evidently  considered  analogous  to  a 
subluxation. 

Neither  can  I  agree  with  the  conclusions  presented  by  Dr.  Hoke,'' 
who  believed  that  by  removal  of  a  section  of  the  ribs,  first  on  one  side 
and  then  on  the  other,  he  might  more  easily,  by  force,  correct  the 
malposition  of  the  vertebrae.  According  to  his  published  case,  he  did 
succeed  in  improving  the  external  appearance  of  the  thorax,  but  whether 
any  alteration  in  the  position  or  structure  of  the  vertebrae  was  accom- 
plished is  doubtful.  This  opinion  is  sustained  by  the  fact  that  I  can  find 
no  further  reference  to  the  operation  since  Dr.  Hoke's  original  article 
appeared,  in  1903. 

1  w-ill  not  even  say  that  I  am  sure  that  ankylosis  has  been  obtained 
in  every  case.  I  think  it  has,  but  the  difficulties  of  judging  of  move- 
ments of  the  dorsal  spine  are  so  great  that  the  presence  or  absence  of 
motion  must  rest  largely  in  the  desire,  subcon.scious  or  otherwise,  of  the 
examiner.  Sufficient  stiffness,  however,  has  been  obtained  to  limit 
forward  bending,  and  thus  to  conceal  the  protrusion  of  the  ribs,  the 
most  objectionable  feature  of  the  deformity.  There  has,  so  far,  been 
no  increase  in  the  deformity,  either  as  shown  by  roentgen-ray  examina- 
tion, or  in  the  estimation  of  the  patient.  One  may  mention  also  that 
there  can  be  no  class  of  cases  in  which  the  opinion  of  the  patient  is  of 
more  value.  The  patients  apply  for  treatment  because  they  are  con- 
cerned about  their  unsightly  appearance,  and  there  can  thus  be  no  keener 
critics  of  the  cosmetic  effect.  It  is  unfortunate  that  neither  necropsy 
nor  second  operation  has  provided  opportunity  actually  to  inspect  the 
result. 


4.  Shaffer:    .\m.  Mcd.-Surg.  Bull..  Jan.  1.  1894.  p.  51;  Feb.   15.  1894.  p.  2.16. 

5.  Hoke:    Am.  J.  Orthop.  Surg.  1:169,  1903. 
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Ju(lf,niK'iit  iif  tlie  existence  of  ankylosis  by  the  roentgen  ray  is  unsatis- 
factory and  misleading.  A  good  lateral  picture  will  sometimes  show 
the  continuous  bridge  of  bone  formed  by  the  fractured  spinous  processes, 
but  anteroposteriorly  one  sees  nothing  except  obliteration  of  the  facets 
of  the  articular  processes  and  slight  obscuring  of  the  intervertebral 
disks.  Naturally,  one  would  not  expect  them  to  be  altogether  invisible, 
as  no  bony  deposit  could  be  as  thick  as  the  vertebral  body. 

A  discouraging  feature  of  the  deformity  is  the  fact  that  the  side  of 
the  chest  on  which  the  ribs  project  is  already  the  narrow  side,  and 
that  pressing  on  the  ribs  to  reduce  obvious  deformity  makes  the  chest 
narrower  still.  This  is  a  disadvantage  which  is  somewhat  alleviated  by 
the  frame  treatment,  in  which  the  chest  has  every  opportunity  to  expand. 

The  three  years'  work  in  the  treatment  of  rotary  lateral  curvature  of 
idiopathic  origin  has  thus  resulted  in  a  curious  mixture  of  optimism 
and  pessimism.  1  am  convinced  that  the  anatomic  cure  of  the  deformity 
by  any  means  hitherto  devised  is  impossible.  A  certain  proportion  of 
fairly  well  advanced  cases,  particularly  of  long  single  curvatures,  may 
be  markedly  improved  in  external  appearance,  and  their  curvatures,  as 
revealed  roentgenographically,  much  reduced  by  the  type  of  jacket  we 
are  now  a])])lying.  It  seems  that  the  degree  of  improvement  thus 
acquired  might  be  maintained  by  some  type  of  fusion  operation  in  the 
area  assumed  to  lie  that  of  the  primary  curve.  The  objection  may  be 
advanced  that  the  cases  are  too  recent  to  be  judged  as  end-results; 
but,  on  the  other  hand,  the  patients  have  practically  all  attained  full 
growth,  so  that  future  development  cannot  have  much  influence  on  their 
course;  and  surely  one  would  expect  that,  if  the  deformity  were  to 
progress,  its  progression  would  be  most  rapid  immediately  following  the 
removal  of  the  jacket,  in  the  period  when  the  security  of  the  fixation  is 
most  doubtful  and  general  weakness  and  muscular  atrophy  are  most 
extreme. 

The  treatment  is  not  one  which  will  ever  be  applied  to  a  large  class 
of  patients.  It  is  somewhat  exhausting  to  both  patient  and  surgeon.  It 
recjuires  of  the  patient  to  an  extraordinary  degree  the  development  of 
the  "will  to  get  well,"  and  of  confidence  in  the  person  conducting  the 
treatment.  It  requires  of  the  surgeon  the  knowledge,  primarily,  of  what 
cases  are  susceptible  of  improvement  by  the  treattnent ;  the  skill  and 
experience  necessary  for  the  application  of  the  corrective  jackets ;  the 
persistence  to  apply  them  personally  during  long  periods,  and,  finally, 
the  acquisition  of  the  rather  difficult  technic  of  the  operation. 

1  am  not  in  sympathy  with  the  attitude  of  surgeons  who  publish 
rejiorts  of  mf)st  difficult  operative  procedures,  the  results  often  of  years 
of  specialized  effort  on  their  part,  and  convey  the  impression  to  the 
casual  reader  that  the  reading  of  the  article  fully  equips  one  for  the 
]jerformance  of  the  operation.     Such  writers  would  privately  admit  that 
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such  an  impression  was  conveyed  for  the  purpose  of  flattering  tlie 
intelhgence  of  their  readers,  but  it  seems  surprising  that  they  should 
esteem  an  audience  of  such  inipHed  intelhgence  worthy  of  the  pains. 

It  is  to  be  hoped  that  no  wave  of  enthusiasm  will  develop  for  the 
"operative  treatment  of  scoliosis."  It  must  be  emphasized  that  the  opera- 
tion is  the  final  step  in  a  tedious  process  of  correction,  and  that  in 
principle  it  offers  little  that  is  new,  unless  it  be  the  principle  of  balance 
on  which  it  is  performed.  It  must  not  be  urged  on  the  patient.  In  fact, 
throughout  this  kind  of  treatment,  it  is  essential  that  the  patients  them- 
selves be  desirous  of  treatment.  Such  .severe  measures  as  are  necessary 
cannot  and  should  not  be  forced  on  an  unwilling  child.  For  an  ortho- 
pedic surgeon  to  mention  p.sychology  will  doubtless  be  provocative  of 
more  or  less  indulgent  mirth,  but  none  the  less  it  is  the  most  important 
factor  in  any  form  of  treatment  for  scoliosis.  The  surgeon  may  labor 
with  the  body  of  a  patient  as  much  as  he  plea.ses,  and  obtain  a 
physically  good  result,  but  unless  he  can  persuade  the  mind  that  to  stand 
up  straight  is  desirable,  his  work  will  be  a  failure.  There  is  no  spine 
so  crooked  that  its  appearance  cannot  be  improved  by  effort  cm  the 
part  of  its  owner;  and,  conversely,  there  is  none  so  straight,  artificially 
or  otherwise,  that  it  cannot  by  slouching  be  made  to  simulate  deformity. 

One  is  continually  impressed  by  the  futility  of  many  conventional 
forms  of  treatment.  Of  what  use  are  exercises  for  scoliosis  if  the 
patient  slouches  to  and  from  the  gynmasium  ?  Of  what  use  are  exercises 
in  the  treatment  of  weak  feet  if  the  patient  walks  with  his  toes  turned 
out?  After  all,  the  business  of  any  mechanism  is  to  function,  and  the 
function  that  is  imf)ortant  is  that  involved  in  the  ordinary  occupations. 
The  pur[)ose  of  the  foot  is  to  make  walking  possible,  not  to  be  educated 
rauscularly  before  a  mirror.  This  factor,  the  mental  control  of  a  patient, 
is  the  essential  one  in  any  treatment  involving  anything  except  the 
giving  of  pills.  Even  pill  giving,  a  regimen  of  comparative  simplicity, 
may  be  a  failure  without  the  supervision  of  a  third  per.son. 

No  one  regrets  more  than  I  the  absence  of  the  original  photographs 
and  roentgenograms  of  so  many  of  the  patients.  I  can  only  ask  those 
who  arc  acquainted  with  the  trials  of  work  extending  over  long  periods 
of  time  to  remember  the  facility  with  which  roentgenograms  and 
photographic  plates  are  broken  and  lost.  As  no  extraordinary  claims  are 
made,  perhaps  the  absence  of  these  important  records  is  not  of  so  great 
importance  as  it  otherwise  might  be.  Photographs  may  be  easilv  dis- 
paraged as  records  in  any  case,  as  we  all  know  how  shadows  and  focal 
lengths  may  be  manipulated  to  the  advantage,  or  disadvantage,  of  the 
record.  I  requested  the  roentgen-ray  department  to  make  the  photo- 
graphs in  standard  poses  and  at  the  .same  focal  distance,  but  was  not 
present  when  any  of  them  were  taken.    Trivial  as  some  of  the  original 
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dcforniiiics  may  thus  ajipear,  id  the  patients  their  ap])earaiice  was 
sutticiently  repugnant  to  make  them  suhmit  to  months  of  ])laster,  opera- 
tion, and,  finally,  two  months  on  a  stretcher  frame. 

It  has  heen  suggested  by  some  casual  observers  of  these  patients 
that  nunc  but  mild  cases  ha\e  been  selected  for  operation.  This  is  not 
altogether  true,  but  there  is  foundation  for  the  suggestion.  As  has 
already  been  stated,  the  operation  is  only  the  final  step  in  the  course  of 
a  long  process  of  correction.  The  patients  were  not  selected  with  a 
view  to  their  being  operated  on,  but  because  it  was  thought  when  they 
first  presented  themselves  that  their  curvatures  were  susceptible  of 
improvement  by  corrective  jackets. 

In  this  series  there  is  one  case  of  extreme  deformity  in  which 
operation  was  jjcrformed  in  the  hope  that  the  stififening  of  the  spine 
would  relieve  the  pain  and  act  as  a  substitute  for  apparatus.  Unfortu- 
nately, this  is  the  only  one  in  which  the  end-result  is  not  known.  Four 
of  the  fifteen  cases  are  too  recent  to  report.  The  detailed  report  of 
eleven  cases  follows.  Notes  other  than  those  made  by  me  are  followed 
by  the  name  of  tlie  physician  supplying  them. 

REPORT     OF    CASES 

C.\.SF.  1. — llistiiry. — M.  M.,  aged  14,  schoolgirl,  was  admitted  to  tlie  outpatient 
department  of  tlic  hospital,  April  29,  1920,  with  a  history  of  measles,  varicella, 
mumps,  pertussis  and  influenza.  The  parents  and  lirothers  were  healthy.  The 
chief  complaint  was  lateral  curvature  of  the  spine,  of  possibly  three  months' 
duration.  The  scoliosis  was  first  observed  by  the  school  nurse  about  three 
months  previously.  It  was  noticed  that  the  patient  walked  and  sat  with  the 
right  shoulder  elevated,  and  was  unable  to  throw  her  shoulders  backward.  On 
examination,  the  lateral  curvature  was  found.  Roentgen-ray  examination  was 
made,  April  6,  1920.  The  rectal  temperature  was  99.4  F.  .\  throat  culture  was 
taken  (B.  L.  Schoolfield  I. 

Physical  Examination. — Alay  1  (Dr.  Whitman):  The  patient  was  in  fair 
condition.  She  presented  a  moderate  double  curvature  of  the  spine,  most 
marked  to  the  right  in  the  dorsal  region.  There  was  compensatory  deformity 
with  but  little  rotation  in  the  lumbar  region.  Instructions  were  given  that  a 
roentgenogram  and   photograph  be  taken   and  a  corrective  jacket  applied. 

Treatment. — May  11  :  For  the  past  forty-eight  hours,  the  patient  had  been  on 
a  frame  with  5  pounds  (2.2  kg.)  traction  on  each  leg,  and  10  pounds  (4.4  kg.) 
on  the  head.  The  dorsolumbar  curve  and  the  very  marked  rigidity  of  the  spine 
had  almost  disappeared,  but  there  was  now  evident  a  very  sharp,  practically 
right  angled,  curve  to  the  right  between  the  second  and  fourth  dorsal  vertebrae. 
A  roentgenogram  embracing  the  seventh  cervical  to  the  fifth  dorsal  vertebra  was 
made.  The  only  discomfort  caused  by  the  treatment  was  redness  and  soreness 
under  the  chin,  a  difliculty  which  may  he  ol>\iated  liy  the  use  of  a  little  extra 
padding. 

May  13 :  The  head  sling  had  been  applied  in  a  new  manner  by  Dr.  Kau. 
One  strap  now  passed  over  the  forehead,  the  other  behind  the  ears  and  was 
attached  under  the  occiput.  The  patient  was  comfortable  with  the  strapping 
applied    in   this   maimer. 
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May  18:  The  second  roentgenogram  revealed  a  very  marked  wedging  of  the 
third  dorsal  vertebra  and  malformation  of  tlic  second  and  third  ribs  on  the 
right  side  in  the  nature  of  an  articulation  between  the  two,  about  1  inch 
(2.5  cm.)  distal  to  the  point  of  articulation  with  the  vertebrae.  It  was  suggested 
that  this  malformation  might  1)e  responsi1)Ie  for  the  curvature.  But  a  week 
later  Dr.  Whitman  stated  that,  in  his  opinion,  tlic  malformation  of  tin-  ribs  liad 
nothing  to  do  with  the  patient's  curvature. 

May  27 :  The  deformity  of  the  spine  liad  decreased. 

Ofcration. — June  5  (Dr.  A.  Whitman;  assistant,  Dr.  Purdy)  :  .\n  incision 
was  made  from  the  seventh  cervical  to  the  sixtli  dorsal  vertebra,  and  the  usual 
procedure    of    the    Hibbs    operation    carried    out.      Considerable    difficulty    was 


Fig.  10   (Case   1). — Left,  before  operation;   right,  after  operation. 


experienced  with  oozing.  At  the  level  of  the  fourth  dorsal  vertebra  on  the 
right  side,  a  pin  point  perforation  of  the  pleura  occurred.  The  muscle  was  at 
once  allowed  to  fall  over  it.  When  the  packing  was  removed  ten  minutes  later, 
in  order  to  finish  the  operation,  there  was  no  escape  of  air.  No  shock  was 
noticed  from  this  accident.  The  ligamcntum  nuchae  was  united  with  continuous 
plain  gut.  The  skin  was  closed  in  the  usual  manner  and  a  Calot  jacket,  which 
had  been  applied  previously  and  cut  ofT,  was  reapplied. 

Aftcr-TrcatmcnI. — June  17:  The  patient  had  a  rise  in  temperature  of  2 
degrees  following  the  operation,  but  no  pain.  Five  pounds  (2.2  kg.)  traction  on 
the  head  and  19  pounds  (8.6  kg.)  on  the  legs  was  applied  about  two  days  after 
the  operation.     There  was  no  discomfort. 
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June  1"  (p.  111.):  Oil  remuval  of  tin-  slu-ll,  the  wound  was  cleanly  healed. 
With  c.xteiision  iiii  the  head  and  feet,  the  patient  was  suspended  in  hed  liy  two 
bands  of  felt  passed  beneath  the  shoulders  and  hips  and  the  Calot  jacket  was 
applied.     .A  roentgenogram  was  made. 

July  8:  .\  second  Calot  jacket  had  been  applied,  July  6.  The  external 
appearance  of  the  child's  trunk  was  very  good  except  for  a  slight  prominence  of 


Fig.  11    (Case  1). — Before  operation.     All  the  cases  are  right  dorsal  curves 
with   the  exception  of  Case  .3. 


the  ribs  on  the  right  side.  The  spine  in  the  region  of  operation  appeared  to  be 
almost  stiff. 

July  8:  The  patient  vyas  discharged  improved,  and  wearing  a  Calot  jacket, 
with  instructions  to  return  Augtist  5. 

Readmission. — September  7 :  The  patient  reentered  the  outpatient  department. 

September  11:  The  Calot  jacket  was  removed.  There  was  marked  atrophy 
of  the  muscles  of  the  back  and  i  itrascapular  region.    The  spine  in  the  region  of 
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oparatiijii  appeared  perfectly  stiff.  V)r.  Whitman  and  Dr.  Kleinberg  concurred  in 
this  opinion.  Instructions  were  given  tliat  the  child  was  to  lie  in  bed  and 
have  gentle  massage  of  the  back  muscles.     .-N.  roentgenogram  was  made. 

September    18:  The    roentgen    ray    revealed    marked    indistinctness    of    the 
intervertebral   disks    in    the   region   of   operation.      The    held   of   operation   still 


Fig.   12   (Case   1  ). — .After  operation. 


appeared  perfectly  stiff.  The  patient  was  discharged,  with  instnic'.ions  to  return 
in  two  weeks  (October  2)   for  observation. 

She    was   improved,   and    on    discharge    was    without    apparatus    or    plaster. 

Subsequent  Course. — October  9 :  The  child  had  been  at  home  three  weeks, 
going  to  school.  She  lay  down  during  the  noon  hour,  and  took  no  exercise 
in  the  gymnasium.     She  was  perfectly  comfortable,  and  the  spinal  muscles  had 
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greatly  increased  in  size  and  tone  since  the  last  report.  No  movement  was 
discovered  in  the  area  of  operation.  .X  roentgeniiHram  and  photograph  were 
taken. 

March  17  (Dr.  Whitman)  ;  As  far  as  could  he  made  out,  the  spine  was  rigid 
in  the  area  of  operation.  The  hips  were  of  equal  prominence;  the  shoulders 
level.  There  was  still  a  prominence. of  the  right  scapula  and  a  compensatory 
curve  to  the  left  in  the  iunihar  region.  It  was  the  opinion  of  the  patient,  the 
supervising  nurse  and  the  family  that  the  deformity  had  not  increased  since 
operation.     A  roentgenograin  and  pliotograph  were  taken. 

April  22,  1922:  The  patient  was  in  good  condition.  There  was  no  increase  of 
defonnitv. 


Fig.   13   (Case  2). — Ahcr  operation. 


Case  2. — History. — I.  P.,  girl,  aged  14  years,  had  two  brothers  living  and 
well;  one  sister  with  lateral  curvature.  Two  brothers  died  in  infancy,  cause 
of  death  being  unknown.  The  mother  had  had  no  miscarriages,  and  there  was 
no  tuberculosis  in  the  family.  The  chief  complaint  of  the  patient  was  rotary 
lateral  curvature,  of  fifteen  months'  duration.  It  was  first  noticed  when  the 
patient  was  being  fitted  for  a  dress,  the  summer  of  the  preceding  year,  that  the 
left  hip  was  more  prominent  than  the  other,  and  the  right  shoulder  was  the 
higher.  Xo  angulation  was  noticed  at  this  time.  There  had  been  no  known 
poliomyelitis.  The  curvature  was  slight,  right  dorsal,  when  first  noticed.  It 
had   progressed,   and    the   preceding   summer,   angulation    was    first    seen.     The 
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patient  had  been  under  the  care  of  Dr.  Kleint)crg  since  the  onset,  taking 
exercises,  but  no  cast  was  applied.  The  only  symptoms  were  fatigue  on  slight 
exertion  and  severe  pain  in  the  region  of  the  right  scapula,  not  radiating. 
Physical  E.raiiiiiialioii. — Nov.  1,  1919  (Dr.  Whitman)  :  The  patient  was  in  good 
condition,  rather  fat  and  heavy.  She  presented  a  marked  fixed  rotary  lateral 
curvature  involving  the  dorsal  and  lumbar  vertebrae  from  about  the  seventh  to 
the  third.     There  was  a  slight  compensatory  curve  above. 


Fig.   14    (Case  2). — Before  operation. 


November  1  (Dr.  Kleinberg)  :  The  patient  was  a  well  built  girl,  presenting 
a  right  dorsolumbar  scoliosis  with  a  slight  left  lumbar  compensatory  inclination. 
The  dorsal  curve  extended  from  the  sixth  dorsal  to  about  the  second  lumbar 
vertebra.  The  shoulders  were  about  on  a  level.  The  spine  from  the  sixth 
dorsal  to  the  second  lumbar  vertebra  had  a  forward  curve  in  contradiction  of 
the  often  seen  kyphoscoliosis.  There  was  a  backward  displacement  of  the  ribs 
on  the  right  side,  with  the  most  prominent  part  of  the  deformity  opposite  to,  or 
on   the  ancle  of.  the  scapula.     f)n  the  left   side,  there  was  a  moderate  hollow. 
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Tlic  left  "hip"  was  more  prominent  than  the  right.  There  was  a  moderate 
degree  of  rigi(hty.  The  anterior  view  of  the  ehest  was  prominent  on  the  left. 
The  right  side  of  the  chest  was  flat.  Tlie  anterior  superior  spines  were  on 
a   level. 

.\  roentgenogram  made  on  October  25  revealed  a  moderate  right  dorsolumbar 
curve  extending  froin  about  the  fourth  dorsal  to  the  second  lumbar  vertebra, 
with  the  ape.x  of  the  curve  between  the  ninth  and  tenth  dorsal  vertebrae.  There 
was  increased  separation  of  the  ribs  on  the  right  and  slight  appro.ximation  of  the 
ribs  on  .tlie  left  side.  The  ribs  on  the  left  side  were  practically  horizontal 
instead  of  inclined  downward  as  in  a  normal  person. 

RcadmusioH. — November  6;  .\fter  several  days  at  home,  the  patient  reentered 
the  hospital  to  have  the  plaster-of-Paris  jacket  applied.  It  was  intended  to 
have  the  patient  in  suspension,  in  the  erect  posture,  witli  the  left  shoulder 
elevated  and  the  right  pulled  backward. 

Trccitinriil. — Xovember  7:  .\n  attempt  was  made  to  apply  a  Kleinlierg  jacket, 
but  when  the  procedure  was  half  hnished  the  patient  became  hysterical  and 
finally  fainted.  The  plaster  was  removed  and  she  was  returned  to  the  ward  to 
await  another  attempt   (T.  A.  Willis). 

November  11  :  A  corrective  plaster  jacket  was  applied  by  Drs.  Kleinberg 
and  .'Krmitage  Whitman.  The  patient  had  several  fainting  spells  during  the 
process  and  vomited   freely   (  T.  .\.  Willis). 

Second  Rcadiiiissioii. — July  16:  Tlie  patient  had  worn  a  plaster-of-Paris 
jacket  since  it  had  been  applied  in  the  outpatient  department.  Her  condition 
had  steadily  improved  under  this  treatment.  She  entered  the  hospital  for  an 
operation  to  maintain  correction  of  the  deformity  (Dr.  Schwartz). 

July  17:  From  the  general  appearance,  the  girl  was  in  good  condition.  There 
was  no  discharge  from  the  ears  and  nose.  The  pupils  reacted  to  light.  The 
lymph  nodes,  cervical,  axillary,  epitrochlear  and  inguinal,  were  not  palpable. 
The  knee-jerks  were  equal.  The  examination  of  heart,  lungs  and  abdomen  was 
prevented  by  a  jacket  extending  from  shoulders  to  pelvis   (Dr.  Schwartz). 

Operation. — July  20  (Dr.  .\.  Whitman)  :  .\n  incision  was  made  from  the  third 
to  the  eleventh  dorsal  vertebra  over  the  spinous  processes.  There  was  at  least 
one-half  inch  (13  mm.)  of  subcutaneous  fat.  The  tissues  over  the  tips  of  the 
spinous  processes  were  incised,  and  the  periosteum  split  and  stripped  away  from 
the  spinous  processes  with  a  periosteal  elevator.  Interrupted  double  catgut 
sutures  were  then  taken  about  one-half  inch  (13  mm.)  lateral  to  the  midline, 
between  the  spinous  processes  and  slightly  overlapping  each  other,  with  the  idea 
of  controlling  the  hemorrhage  that  usually  follows  division  of  the  interspinous 
ligaments.  The  tissues  were  then  divided  and  the  periosteum  stripped  liack 
from  the  laminae  and  for  a  distance  of  about  one-quarter  inch  (6  mm.)  outward 
on  the  transverse  processes.  The  fifth,  sixth  and  seventh  dorsal  vertebrae  were 
found  rotated  through  an  arc  of  about  45  degrees.  With  a  curved  chisel,  slivers 
of  bone  were  removed  from  the  transverse  processes  to  make  a  continuous 
bridge  between  the  vertebrae  after  the  articular  processes  had  been  gouged  out 
with  a  curet.  The  spinous  processes  were  then  partially  fractured  at  their  bases 
and  overlapped,  shingle  fashion,  so  that  the  tip  of  the  u|)pcr  processes  came  in 
contact  with  the  fractured  base  of  the  one  below.  The  vertebrae  from  the 
third  to  the  eleventh  dorsal  were  thus  treated.  The  operation  was  difficult 
because  of  the  thickness  of  the  muscles  and  the  resultant  depth  at  which  it  was 
necessary  to  work.  The  ligaments  were  united  with  interrupted  kangaroo 
sutures,  the  subcutaneous  tissue  witli  continuous  plain  gut.  the  skin  with  plain 
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gut.  The  amount  of  hemorrhage  was  slight  compared  to  that  encountered  in 
previous  operations.  A  posterior  plaster  shell  was  applied.  The  duration  of  the 
operation  was  one  and  a  half  hours. 

July   22:  Following   the    operation,    the    patient    complained    of   pain    in    the 
upper  ('orsal  region. 


Fig.    15    (Case  2). — .^fter  operation. 


Aflcr-Trcalmcnl.^]\x\y  29:  On  the  seventh  day  following  oi)eration.  an 
attempt  was  made  to  apply  a  jacket  %vith  the  patient  suspended.  She  suffered 
what  has  heen  variously  diagnosed  as  hysteria  or  syncope,  with  very  rapid 
pulse,  cold,  clammy  skin,  and  involuntary  movements.  On  this  occasion,  the 
attempt  had  to  he  given  up.  The  patient's  great  weight  and  nervous  disposition 
made  it  practically  impossihle  to  apply  a  jacket  in  a  horizontal  position.  Instruc- 
tions were  given  th.-it  ■ihe  rrm.iin  in  I  ed  in  .i  pnsterior  shell. 
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August  12:  A  jacket  was  ai>i)lieil.  iiu'huling  both  slioulders.  The  patient 
suffered  an  hysterical  attack. 

August  19:  The  plaster  had  slippeil  up.  so  that  the  shoulder  straps  were  of 
no  use.  The  patient  was  allowed  to  sit  up.  Roentgen-ray  examination  showed 
the  disappearance  of  intervertebral  disks  from  the  third  to  the  eleventh  verte- 
brae and  there  was  slight  indistinctness  of  outline,  as  of  bony  proliferation. 

September  23 :  The  patient  was  discharged,  improved,  wearing  a  plaster 
jacket.     Slie  was  instructed  to  report  for  further  treatment   (V.  W.  Purdy). 

Third  Rcadmission. — Octolier  19:  The  patient  was  readmitted  to  the  outpatient 
department. 

October  21  :  The  external  appearance  of  the  trunk  was  normal.  A  roent- 
genogram taken  October  20  showed  an  apparent  fusion  of  the  spine  from  the 
third  to  the  eleventh  dorsal  vertebra.  The  intervertebral  spaces  were  still 
visible,  although  the  mass  of  the  fused  area  was  evidently  denser  in  the  mid- 
dorsal  than  in  the  upper  and  lower  extremities. 

On  examination,  no  movement  could  be  made  out  in  the  dorsal  spine.  Both 
forward  and  lateral  bending  were  very  much  restricted.  This  opinion  was  con- 
curred in  by  Dr.  Kleinberg.  A  roentgenogram  was  taken  with  the  patient  in 
the  upright  position  and  she  was  allowed  to  sit  up  for  gradually  increased 
periods  each  day. 

November  4:  The  patient  was  discharged,  wearing  a  plain  plaster  jacket. 
She  was  in  good  condition   (Dr.  Nicola). 

December  16:  The  plaster-of- Paris  jacket  was  removed,  and  the  patient 
was  instructed  to  return  in  a  week.  .A  roentgenogram  and  photograph  were 
taken. 

(hitcoiiic. — December  23:  The  patient  had  been  without  the  cast  for  a  week. 
There  was  no  increase  in  deformity.  Tliere  was  apparently  no  anteroposterior 
mobility  in  the  region  of  operation.  The  question  of  lateral  mobility  was 
doubtful.  The  patient  was  well  satisfied  with  the  result.  She  was  instructed 
to  report  in  two  weeks. 

March  S.  1921  :  A  roentgenogram  taken  January  21,  when  compared  with  that 
taken  Dec.  16,  1920,  showed  no  change  in  the  deformity.  There  was  a  consid- 
erable increase  in  the  density  of  the  area  of  operation.  No  trace  of  the  inter- 
vertebral disks  was  now  seen  between  the  fourth  and  tenth  dorsal  vertebrae. 
The  appearance  was  of  a  solid  bony  mass. 

July  23 :  The  condition  was  very  satisfactory.  The  spine  appeared  stil¥  and 
there  was  no  increase  in  the  deformity.     The  left  shoulder  was  much  higher. 

July  26:  A  roentgenogram  taken  July  23  revealed  no  increase  in  the  deformity. 
It  ofifered  also  interesting  testimony  as  to  the  fallibility  of  roentgen-ray  evi- 
dence, as  the  roentgenogram  taken  May  14  appeared  to  show  much  greater 
density  in  the  fused  area.  Four  different  observers  thought  the  last  plate  was 
the  first. 

April  25,  1922 :    The  condition  was  unchanged. 

Cask  3. — History. — O.  P.,  girl,  aged  12  years,  entered  the  hospital  July  6, 
1920,  with  a  clinical  diagnosis  of  right  lateral  curvature.  She  had  a  history  of 
measles,  scarlet  fever  and  w-hooping  cough.  Her  parents  and  the  other  children 
were  alive  and  well.  Tlie  chief  complaint  was  spinal  deformity  of  eleven 
years'  duration. 

A  physician  called  eleven  years  previously  to  treat  the  patient  for  fever 
recognized  the  spinal  deformity.  The  treatment  recommended  was  fresh  air 
and  a  milk  diet.  Two  years  previously,  a  physician  called  to  treat  the  patient 
for  adenoids  recommended  a  plaster  corset  for  the  spinal  condition.    The  jiatient 
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wore  a  plaster-of-Paris  corset  extending  from  the  pelvis  to  tlie  sixth  rib  for 
six  months.  After  removal  of  the  plaster,  the  child  was  permitted  to  go  four 
months  without  apparatus  and  then  a  leather  corset  extending  from  pelvis  to 
hip  was  worn  for  six  months,  night  and  day.  The  condition  had  grown  worse 
under  this  treatment.  The  corset  was  discarded  because  it  caused  pain.  The 
child  walked  into  the  hospital  without  apparatus.  She  entered  because  of 
steadily  increasing  discomfort  which  she  referred  to  the  region  of  the  left 
shoulder  ( Ur.  Schwartz"). 

Examination. — July  8;  The  child  was  in  good  condition.  She  presented  a 
most  extreme  rotary  lateral  curvature  of  the  spine  to  the  right  in  the  cervical 
region,  to  the  left  in  the  middorsal,  and  again  to  the  right  in  the  lower  dorsal. 


I  La>e  J). — Before   operation. 


The  head  was  carried  forward  practically  to  the  limit  of  its  capacity.  There 
was  extreme  projection  of  both  scapulae,  and  the  razor  back  type  of  deformity 
of  the  ribs  on  the  left  side.  The  curve  was  rigid.  There  was  a  slight  secondary 
deformity  of  the  chest,  and  flattening  of  the  upper  part  of  the  right  chest  below 
the  clavicle,  and  prominence  of  the  lower  ribs  on  the  left.  The  distance  from 
the  right  anterior  superior  spine  to  the  tip  of  the  right  internal  malleolus  was 
29^4:  the  distance  from  the  left  anterior  superior  spine  to  the  tip  of  the  left 
internal  malleolus  was  29%. 

Ihe  child  had  a  peculiar,  husky,  brassy  voice.  .\  laryngeal  examination  was 
made  to  ascertain  whether  there  was  pressure  on  the  recurrent  laryngeal  nerve, 
and  a  roentgenogram  and  photograph  were  taken.  Instructions  were  given  that 
the  patient  be  kept  in  bed  on  a  frame  with  traction  on  the  head  an<l  pelvis. 
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July  27:  Tlie  patient's  deforniitj  had  been  slightly,  if  at  all.  inipro\ed  liy 
treatment. 

August  21  ;  There  was  no  change  in  the  upper  dorsal  region.  Operation 
was  decided  on  for  relief  of  pain,  and  if  possible  to  do  away  with  the  necessity 
for  wearing  a  brace  with  a  chin  cup. 

Operation. —  (September  16,  Dr.  .\.  W'liitman):  .-\n  incision  was  made  over 
the  spinous  processes  of  the  vertebrae  froin  the  first  to  the  ninth  dorsal  vertebra. 


Fig.    17    (Cas 


.After   operation. 


The  tissues  over  each  spinous  jirocess  were  nicked.  Double  plain  gut  sutures 
were  then  taken  1  inch  ( 2.5  cm. )  lateral  to  the  spinous  processes,  including  the 
tissues  between  the  processes,  and  tied.  This  was  done  on  both  sides  for  the 
purpose  of  decreasing  sulisequent  hemorrhage.  The  interspinous  ligaments 
w'ere  then  divided  and  the  periosteum  scraped  back  from  the  spinous  processes 
and  laminae.  This  was  accomplished  with  great  difficulty  at  Iiofb  ends  of  the 
wound,   owing   to   the    forward    bowing    of    the    spine   and    tlic   great    amount    of 
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rotation.  The  vertebrae  were  very  much  distorted,  the  laminae  on  the  left 
side  being  between  one-quarter  and  one-half  inch  (6  and  12  mm.)  in  width, 
and  those  on  the  right  side  scarcely  more  than  one-eighth  inch  (3  mm.)  in 
width.  The  laminae  were  gouged  with  cliisel  hut  the  exact  Hihhs  technic 
could  not  be  carried  out  because  of  the  depth  at  which  the  laminae  lay.  The 
spinous  processes  were  then  partially  fractured  and  overlapped.  The  periosteum 
and  ligaments  were  united  with  kangaroo,  the  subcutaneous  tissues  with  con- 
tinuous plain  gut.  and  the  skin  with  plain  gut.  The  time  of  operation  was  one 
and  a  half  hours.  The  patient  was  then  replaced  on  the  frame  and  traction 
immediately  applied. 

September  30:  The  wound  had  healed.  The  patient  was  able  to  turn  over 
on  the  frame  without  discomfort.  She  stated  that  since  the  operation  she  had 
been  conscious  of  less  muscular  tension  drawing  her  head  forward,  and  was 
able  to  move  the  head  and  neck  with  more  freedom.  .\  Calot  jacket  was  applied 
with  traction  across  the  shoulders  in  an  anteroposterior  direction,  with  the  aim 
of  further  reducing  the  protrusion  of  the  left  shoulder.  The  external  appear- 
ance had  been  very  much  improved.  The  patient  was  photographed  in  the 
Calot  jacket. 

October  7:  The  patient  was  discharged,  wearing  a  Calot  jacket,  and  in  good 
condition.    She  was  instructed  to  return  December  2  (Dr.  Nicola). 

October  7 :  The  father  said  that  the  child  seemed  somewhat  straighter  and 
taller  than  before  the  operation.  Her  general  condition  w-as  much  improved. 
Her  color  and  the  general  tone  of  the  skin  were  now  quite  normal. 

Readmission. — November  9:  The  patient  had  been  in  a  Calot  jacket  since 
her  discharge  two  months  before.  She  had  been  very  comfortable.  She 
returned  for  roentgen-ray  examination  and  further  treatment.  The  jacket  was 
removed. 

November  11  :  There  was  a  very  marked  improvement  in  the  child's  external 
appearance.  Her  shoulders  were  apparently  level,  the  prominence  of  the  left 
shoulder  was  reduced  about  one  half.  There  was  apparently  stiffness  of  the 
spine.  .\  roentgenogram  showed  that  the  original  curve  had  been  improved 
almost  50  per  cent.  There  was  a  cloudiness  of  the  shadows  of  the  vertebral 
bodies,  and  obliteration  of  the  intravertebral  disks,  in  the  operative  region, 
giving  an  appearance  of  fusion.  The  Calot  jacket  was  applied.  Under  other 
circumstances,  felt  pads  would  have  been  introduced  in  attempting  to  correct 
further  the  prominent  scapula,  but  as  the  patient  lived  at  a  distance  and  could 
not  afford  to  remain  in  the  hospital,  this  was  not  done.  She  was  discharged,  to 
return  in  a  month  for  a  change  of  jacket. 

Second  Readmission. — December  14:  The  patient  again  entered  the  out- 
patient department  for  observation. 

December  16:  The  plaster  jacket  was  removed.  The  improved  appearance  of 
the  trunk  noted  at  the  previous  readmission  had  been  maintained.  There  was 
apparent  stiffness  of  the  operative  region.  The  patient  was  placed  on  a  frame. 
Kocntgcn-ray  examination  was   ordered. 

The  patient  was  discharged,  wearing  a  Taylor  brace  with  a  chin  cup,  as  her 
father  objected  to  a  Calot  jacket.  She  stated  that  since  the  operation  she  had 
been  entirely  relieved  of  the  pain  for  which  it  was  primarily  performed. 

Oct.  20,  1921  :  The  patient  had  not  been  heard  from  since  she  left  the 
hospital.     All  attempts  to  get  in  touch  with  her  failed. 

Case  4. — History. — A.  B..  girl,  aged  13^  years,  entered  the  outpatient  depart- 
ment, Oct.  1,  1920,  with  a  clinical  diagnosis  of  rotary  lateral  curvature  of  the 
spine.     She  had  had  pneumonia  at  4  years.     The  father  and  mother  were  living 
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and  well,  as  were  two  sisters.  One  brother  died  of  pneunKinin  at  the  age  of 
6  months.  The  chief  complaint  was  curvatnre  of  the  spine,  first  noticed  in 
the  smnmer  of  1919,  the  child  complaining  tirst  of  tired  back.  The  mother 
ol)served  a  slight  curvature,  which  continued  to  grow  worse.  The  patient  came 
to  the  clinic  in  February,  1920,  and  a  plaster  jacket  was  applied.  She  had  worn 
the  jackets  for  seven  months,  with  frequent  changes  of  plaster,  .\fter  seven 
months,   she   was   given   a   straight   jacket    which   she  still    wore.     She   did   not 


Fig.   18    ( ( 


4).      l,eft,   Cahjt   jackrt  ;    riglit.   atttr    (iperation. 


complain   of   any   pain   at   the   present   time.     She   entered   the   liospital    for   an 
operation   for  deformity    (Wyant). 

Examiiialioii. — October  2:  The  patient  had  been  under  treatment  in  tlie  out- 
patient departinent  since  February  10.  She  had  originally  a  sharp  curve  to 
the  right  in  the  dorsal  region,  extending  from  the  second  to  the  twelfth 
dorsal  vertebra  with  apex  at  the  eighth  dorsal.  There  was  marked  wedging 
of  the  vertebrae  and  narrowing  of  the  rilis.  The  patient  wore  corrective 
jackets  until  August,  with  slight  improvement.  The  curve  was  so  high  and  so 
sharp    that    further    corrective    treatment    promised    little    if    any    benefit,    and    a 


UHnWtAX—STRUCTl  HAL    SCOLIOSIS 


607 


straight  jacket  was  applied.  The  patient's  family  was  to  return  to  Italy  in  the 
course  of  the  next  year,  where  treatment  would  almost  surely  he  abandoned. 
For  this  reason,  they  have  determined  to  submit  to  an  operation. 

Measurements   were :   waist.  25   inches    (62.5  cm.) ;   chest,   below   breasts,  28 
inches   (70  cm.)  ;  height,  in  bare   feet.  65%   inches   {\M  cm). 


Fig.  19   (Case  4). — Before  opcratimi. 


October  4:  The  patient  was  placed  on  a  frame,  with  traction  of  20  pounds 
(9  kg.)  on  the  feet  and  8  pounds  (3.6  kg.)  on  the  head. 

October  9:  The  deformity  was  slightly  improved. 

Ol>eratlon. — October  22 :  An  incision  was  made  over  the  spinous  processes 
from  the  second  dorsal  to  the  first  lumbar  vertebra.  The  tissue  over  each 
spinous  process  was  then  incised.  The  periosteum  was  divided  over  the  tip 
and  stripped  downward.     This  was  accompanied  by  very  little  bleeding.     Over- 
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lapped  sutures  were  tlieii  taken  aliout  one-half  ineh  (!,i  irni.)  lateral  to  the 
spinous  processes,  all  the  way  clown  on  either  side  to  prevent  hemorrhage  during 
the  subsequent  procedure.  The  interspinous  ligament  was  then  divided,  the 
tissues  and  periosteum  stripped  away  from  the  transverse  processes  and 
laminae.  The  articular  processes  were  curetted.  With  a  V-shaped  carving 
chisel,  small  slices  of  bone  were  removed  from  the  laminae  and  arranged  to 
interdigitate  with  the  one  above  as  accurately  as  possible.  The  spinous  process 
was  then  half  fractured  at  its  base  and  bent  downward  so  that  the  tip  articulated 


Fig.  20    (Case  4).— After   operatinn 


with  the  fractured  processes  of  the  vertebra  below.  This  procedure  was  carried 
out  from  the  second  dorsal  to  the  first  luinbar  vertebra.  The  rotation  of  the 
vertebrae  was  comparatively  slight.  The  ligatures  were  practically  entirely 
effective  until  the  bones  were  incised.  The  inuscular  and  ligainentous  tissues 
were  united  with  interrupted  kangaroo  sutures,  the  superficial  tissues  with  plain 
gut.  and  the  skin  with  No.  0  plain  gut.  Alcohol  dressing,  .sheet  wadding  and 
bandage  were  applied,  and  the  patient  was  replaced  on  the  stretcher  frame. 
The   time   reijuired    for   operation    was   one    liour    and   three-quarters. 
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October  28 :  For  five  days  following  tlie  operation,  the  patient  suflfered  a 
great  deal  of  pain  and  discomfort,  particularly  in  the  back,  and  pain  on  attempts 
to  raise  the  arms.  Following  free  action  of  castor  oil  (October  27).  slic  felt 
much  better  and  requested  the  immediate  application  of  the  plaster  jacket. 

November  8:  The  patient  was  brought  to  the  plaster  room  and  the  dressing 
was  removed.  The  wound  had  united  by  first  intention,  but  there  was  a  small 
area  of  necrosis  of  the  skin  in  the  lower  portion,  apparently  from  pressure. 
This  was  dressed  and  the  patient  turned  on  her  face  for  twelve  hours  out  of 
twenty-four,  the  traction  in  the  meantime  being  kept  up. 

November  9:  The  area  above  mentioned  was  much  decreased  in  size.  .-V 
Calot  jacket  was  applied  with  a  window  cut  out  to  allow  for  dressing  the 
wound.  A  roentgenogram  taken  aftir  the  application  of  the  plaster  revealed  little 
if  any  change  either  in  regard  to  improvement  of  the  curve  or  of  new  bone 
formation. 

November  15 :  The  patient  was  discharged,  in  good  condition,  to  return 
at  stated  intervals  for  observation.     She  was  wearing  a  Calot  jacket. 

Rcadmission. — Fel).  8,  1921  :  The  patient  had  been  reporting  for  observation. 
She  had  had  no  pain  or  discomfort.  She  returned  to  have  the  jacket  removed. 
While  in  the  hospital,  the  patient  developed  influenzal  pneumonia. 

March  1  :  The  mother  insisted  on  removing  the  child  from  the  hospital. 
She  was  discharged.  leaving  the  hospital  against  my  advice  and  the  advice  of 
others,  with  a  temperature  of  lO,'?  F. 

Outcome. — .'\pril  2:  The  patient  had  been  at  home  ill  with  pneiunonia.  llor 
general  condition  was  very  poor.  Forward  bending  of  the  spine  seemed  to  be 
almost  entirely  restricted,  as  w'as  shown  in  tracing.  There  was,  however, 
undoubtedly  some  motion  of  the  lower  portion  of  the  area  of  operation.  The 
patient  and  family  expressed  themselves  as  much  pleased,  and  were  quite 
satisfied  with  the  result  so  far.  The  patient  was  instructed  to  return  for 
observation. 

August  18:  With  her  clothes  on.  tile  i)atieMl  showed  no  deformity  whatever. 
With  the  shoulders  back,  the  back  appeared  flat,  although  there  was  considerable 
protuberance  c>f  the  ribs  on  forward  bending.  The  patient  was  completely 
satisfied  with  her  appearance.  She  had  been  without  support  since  October. 
May  1,  1922:  The  patient's  condition  continued  satisfactory. 
Case  5. — History. — M.  L.  girl,  aged  15  years,  entered  the  outpatient  depart- 
ment, Jan.  14,  1920,  with  a  clinical  diagnosis  of  rotary  lateral  curvature  of 
the  spine,  of  about  one  year's  duration.  She  had  had  the  diseases  of  childhood. 
The  family  history  was  negative.  The  patient  had  always  been  well.  .About 
one  year  previously  the  parents  observed  that  the  right  scapula  was  more 
prominent  than  the  left.  She  was  taken  to  Dr.  Lessca,  who  advised  a  visit 
to  the  Hospital  for  Ruptured  and  Crippled.  The  patient  was  brought  to  the 
outpatient  department,  where  she  was  given  a  jacket,  which  she  had  had  changed 
every  two  months.  She  had  never  had  any  pain  or  inconvenience  from  the 
jacket.  She  entered  the  hospital  for  correction  of  the  deformity  and  operation. 
When  examined,  April  17.  1920,  the  patient  was  in  good  condition,  though  of 
rather  pale,  pasty,  complexion.  She  stood  in  the  usual  slouchy  attitude,  chest 
flat,  and  head  forward.  She  presented  a  rotary  lateral  curvature  of  the  spine 
to  the  right  in  the  dorsal  region,  with  a  slight  compensatory  curve  in  the 
lumbar  region.  The  major  curve  exten<led  from  the  third  to  the  eighth  dorsal 
vertebra.  There  was  well  marked  rotation  of  the  ribs,  causing  a  prominence 
of  the  right  scapula,  visible  through  the  clothing.  The  curvature  was  fixed. 
A  corrective  jacket  was  applied. 
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Comincnl. — January  20:  Since  the  last  two  jackets,  no  further  correction 
of  the  primary  curve  had  heen  ohtained,  all  the  change  taking  place  above 
and  below  and  causing  exaggerated  elevation  of  the  shoulder,  which  seemed 
useless  and  unnecessarily  disfiguring.  The  effect  of  corrective  treatment  having 
thus  come  to  a  standstill,  operation  was  determined  on,  to  maintain  the  correc- 
tion already  gained  and  to  enable  the  patient  sooner  to  dispense  with  the 
apparatus.  On  removal  of  the  jacket,  with  the  patient  lying  on  her  face,  there 
was  evident  a  slight  curve  to  the  right  in  the  dorsal  region,  with  a  very  slight 
prominence  of  the  ribs.     The  general  aspect  of  the  trunk  was  symmetrical. 

Operation. — Jan.  20,  1921:  A  7-inch  (17..S  cm.)  incision  was  made  in  the  mid- 
line directly  over  the  spinous  processes.  Typical  Hibbs'  procedure  as  described 
in  previous  similar  operations  was  carried  out  from  the  third  to  the  twelfth 
dorsal  vertebra.     The  exposure  was  very  satisfactory  so  that  the  technic  could 


Fig.   21    (Case    5). — Left,    before   operati 


right,    after   operation. 


be  minutel>  followed.  The  vertebrae  at  tlie  center  of  the  deformity  were  found 
rotated  through  an  arc  of  about  45  degrees.  There  was  very  little  structural 
change  affecting  the  width  of  the  laminae.  The  time  of  the  operation  was  about 
one  and  a  half  hours.     The  patient's  condition  was  satisfactory. 

Aftcr-Trcatincnt.— When  the  patient  returned  from  the  operating  room, 
an  electric  heater  was  placed  below  the  frame  and  the  frame  and  bed  were 
draped  with  blankets.  She  had  considerable  pain,  requiring  about  one-fourth 
grain   (0.0162  gm.)   of  morphin  toward  morning. 

January  21  :  The  patient  was  pale,  with  eyes  widely  dilated.  She  complained 
of  severe  pain   in  the  back  and  did  not  wish  to  move   the  arms. 

January  22:  The  general  condition  was  satisfactnr> . 

January  25  (Dr.  Kleinberg)  :  The  patient  was  improving  aiul  felt  much 
better.  The  temperature  was  practically  normal.  The  pain  in  the  back  was 
very  slight.     The  patient  could  talk  barely  above  a  whisper. 
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January  26  ( Dr.  Xicola)  :  The  throat  was  congested ;  the  larynx  normal 
except  for  slight  congestion  of  the  cords.  There  had  been  recent  bleeding 
from  the  right  nasal  passages.  Physiologic  solution  of  sodium  chlorid,  warm, 
was  used  to  cleanse  the  nose,  three  times  a  day. 

February  5 :  The  patient  was  turned  on  the  face,  and  the  dressings  removed. 
The  woiini  had  closed  by  lirst  intention.     Two  or  three  bleeding  points  caused 


Fig.  21   ((  ,i-i-   5). — Before  operation. 


removal  of  the  adhesive  plaster,  but  the  skin  as  a  whole  was  very  much  irritated. 
The  skin  was  cleansed  with  benzin.  powdered,  and  dry  dressings  applied. 
Weights  attached  to  the  pelvic  band  (February  4)  were  increased  to  20  pounds 
(9  kg.). 

F'ebruary  27:  The  patient  was  comfortable.  The  temperature  had  continued 
normal  for  four  weeks.  There  was  10  pounds  (4.5  kg.)  traction  on  the  head  and 
20  pounds  (9  kg.)  on  the  pelvis  (V)t.  Bost). 
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Marcli  5 :  The  back  was  apparently  very  mucli  flattened  since  the  operation. 
There  was  apparently  comparatively  firm  ankylosis  of  the  vertebrae  operated  on, 
resisting  all  movements. 

March  19:  The  spine  was  apparently  I'lxed  throughout  the  area  of  operation. 
The  patient  was  discharged,  to  return  for  observation.     .A  photograph  was  taken. 


Fig.   Z3    (Fig.   5). — -After   operation. 

April  16:  The  patient's  habitual  posture  was  very  bad.  She  made  no  attempt 
to  stand  straight.     A  roentgenogram  was  made. 

May  2:  The  patient  was  wearing  a  corset,  which  was  approved.  She  was 
still  unable  to  stand  straight.     She  was  instructed  to  return  in  two  weeks. 

June  21  :  The  external  appearance  was  unchanged.  The  patient  was  satisfied 
with  her  condition,  and   did   not  think   it   was  progressing.     The  roentgenogram 


intlTMAXSTKrCTrR.lL    SCOLIOSIS 


613 


as  compared  with  that  taken  April  19  revealed  a  very  distinct  increase  in  density 
in  the  area  of  operation.     There  was  no  progress  of  the  cnrve. 

July  23:  The  outcome  of  the  operation  itself  appeared  satisfactory.  The 
patient's  posture  was  as  execrable  as  ever.  She  was  kept  on  the  frame  because 
the  irritated  condition  of  the  skin  made  it  inadvisable  to  apply  a  jacket.  It 
appeared,  however,  that  the  spine  had  stiffened  much  more  rapidly  on  tlic  frame 
than  in  the  cases  in  which  the  patients  were  placed  in  plaster. 

May  15,  1922:  The  patient's  general  posture  was,  possibly,  sliglitly  improved. 
There  was  no  change  in  the  spine. 

Case  6. — History. — .•\.  P.,  girl,  aged  17  years,  entered  the  outpatient  depart- 
ment Jan.  6,  1920,  with  a  clinical  diagnosis  of  rotary  lateral  curvature  of  the 


Fig.  24   (Case  6). — Left,  before  operation;   right,   after   oi)eration. 


spine.  She  had  had  measles  at  the  age  of  3  years.  Her  father,  aged  45, 
mother  42,  two  brothers  and  one  sister  were  living  and  well.  There  was 
no  history  of  tuberculosis,  cancer,  nephritis  or  diabetes.  The  chief  complaint 
was  spinal  curvature,  of  two  years'  duration.  The  patient  complained  of  a 
weak  back,  from  which  she  had  suffered  for  one  year.  It  was  gradually 
becoming  worse.     She  had  round  shoulders  and  tired  readily. 

Examinalion. — At  the  present  time,  the  patient  had  no  pain.  She  had  not 
been  ill  at  the  onset.  .As  she  stood,  the  shoulders  were  appro.ximately  level. 
Prominence  of  the  tip  of  the  scapulae  was  noticeable  on  both  sides.  There  was 
rotary  lateral  curvature  of  the  spine  to  the  right  in  the  dorsal  and  slightly  to  the 
left  in  the  lumbar  region,  and  considerable  rotation  of  the  ribs.  The  deformity 
was  rigid. 
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November  9:  Plaster  jackets  had  been  applied  at  two-month  intervals.  A 
roentgenogram  taken  September  2  showed  a  marked  overcorrection  at  the  upper 
and  lower  extremities  of  the  spine,  the  original  middle  curve  being  almost,  but 
not  quite,  corrected.  As  the  overcorrection  in  the  upper  dorsal  region  was 
somewhat  undesirable  and  tnlirely  due  to  the  elevation  of  the  shoulder,  the 
jacket   applied   OLtolitr   311  did   n.it   infhide   the   shoulder.     The   roentgenogram 


L-inre   operatmn. 


showed  the  spine  in  sli.ghtly  better  position  than  with  the  former  jacket.  Exter- 
nally the  trunk  appeared  symmetrical  although  the  original  dorsal  curve  was  not 
entirely  corrected. 

Rcadmission. — .\pril   24,   1921  :  The   patient    reentered   the  hospital. 

Oferation. — .April  25  (Dr.  .A.  Whitman;  assistants,  Drs.  Bost  and  Wyant)  : 
A.  Hibbs  operation  was  jier formed  from  the  third  to  the  eleventh  dorsal  verte- 
bra.   The  usual  technic  was  varied  by  splitting  the  spinous  processes  transversely 
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and  vertically,  and  spreading  the  four  parts  upward  and  downward,  overlapping 
as  much  as  possible  with  the  fragments  of  the  one  below.  The  attacliment  of 
the  spinous  processes  to  the  vertebral  arch  was  not  broken.  The  tissues  were 
closed  with  interrupted  kangaroo,  and  No.  1  plain  gut  for  the  skin. 

There  was  slight  lateral  deviation  of  the  spine,  but  not  more  than  20  degrees 
rotation. 


Fig.  26   (Cas 


.•\ttir   operation. 


Outcome. — .April  26:  The  patient  had  had  very  little  pain  following  the 
operation.     She  now  complained  of  precordial   distress. 

April  28:  The  patient  was  comfortable.     Traction   was  applieil. 

May  5 :  The  wound  was  closed  by  first  intention.  There  was  slight  redness 
over  the  lower  end  of  the  scar,  and  it  was  also  somewhat  tender  to  pressure. 
The  back  was  clean. 
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June  12:  Beginning  June  1.  the  patient  hail  turned  on  the  face,  and  voluntarily 
extended  tlie  spine  ten  times  each  day,  for  the  purpose  of  producing  cxulierant 
callus  in  the  area  of  operation.    The  motion  had  caused  her  no  pain. 

June  18:  The  area  of  operation  appeared  stif?,  and  a  low  plaster  jacket  was 
applied  for  the  purpose  of  steadying  the  luniliar  region  during  the  process  of 
muscular  recovery. 

June  20:  The  patient  was  discharged,  wearing  the  plaster  jacket;  to  return 
for  observation  (Dr.  Wyant). 

.•\u,gust  21  :  The  jacket  was  removed.  The  patient  was  cautioned  to  lie  down 
at  frequent  intervals,  and  warned  that  she  would  have  pain  and  weakness  in 
the  back. 

August  28;  Tlie  patient  complained  of  severe  pain  in  the  back  and  a  continual 
tired  feeling. 

September  1  ;  The  pain  in  the  back  liad  been  completely  relieved  by  the 
application  of  an  ordinary  corset. 

October  22:  The  patient  had  been  wearing  a  corset  since  the  last  report. 
She  took  no  interest  in  the  maintenance  of  a  proper  posture  and  walked  about 
everywhere  with  the  typical  fashionable  droop.  In  spite  of  this,  the  deformity 
of  the  spine  had  not  progressed,  and  the  external  appearance  was  satisfactory. 
.April  22.  1922 ;  The  patient  continued  to  affect  the  debutante  slouch  and 
habitually  carried  the  left  shoulder  liigli.  There  was,  however,  apparently  no 
change  in  the  spine. 

C.\SF.  7. — History.— E.  A.,  woman,  aged  19,  a  milliner,  entered  the  outpatient 
department,  May  16,  1920,  with  a  clinical  diagnosis  of  rotary  lateral  curvature 
of  the  spine.  She  had  had  measles  at  10  years.  Her  father,  aged  52,  mother, 
48,  one  brother  and  two  sisters  were  living  and  well.  Two  brothers  died  in 
infancy,  ffer  chief  complaint  was  curvature  of  the  spine,  of  tliirteen  montlis' 
duration.  She  had  been  well  until  thirteen  months  previously.  At  that  time, 
she  began  to  have  pain  in  the  right  shoulder  and  arm,  and  she  noticed  that 
her  right  shoulder  was  higher  than  her  left.  This  continued  for  one  month. 
She  came  to  the  outpatient  department,  May  23,  1920.  A  plaster-of-Paris  jacket 
was  applied  and  she  had  had  a  new  one  put  on  every  two  months  since  (  Dr. 
Robert  E.  Burns). 

May  17:  .After  the  treatment  of  the  past  year,  the  spine  seemed  practically 
corrected.  The  patient  was  admitted  to  the  hospital  for  operation  to  maintain 
the  correction. 

Exani'iiiation. — The  patient  was  in  good  condition.  Externally,  the  trunk 
was  somewhat  asymmetrical,  as  is  shown  in  tlie  tracing.  Tliere  was  marked 
flattening  of  the  ribs  on  the  right  side  from  the  pressure  of  the  jacket.  The 
spine  was  apparently  straight.  There  were  very  evident  flexion  and  extension 
taking  place  in  the  dorsal  spine  as  was  shown  in  the  tracing  taken  with  the 
patient  prone  on  the  frame,  and  wdien  she  lifted  herself  in  the  air.  The  first 
roentgenogram  taken  through  the  plaster.  May  27,  1920,  showed  a  slight  curve 
to  the  right  in  the  dorsal  region.  The  roentgenogram  taken  tlirough  the  plaster, 
Feb.  24,  1921,  showed  the  spine  practically  straight. 

O/rra/Zo)!.— May  17.  1921  (Dr.  .A.  Whitman;  assistants,  Dr.  Bost,  Dr.  Wyant 
and  Dr.  Hums)  :  The  usual  Hibbs  operation  was  performed  from  the  second  to 
the  eleventh  dorsal  vertebra.  Considerable  rotation  of  the  vertebrae  was  present, 
more  tlian  would  have  been  supposed  from  the  roentgen-ray  or  physical  exam- 
ination. The  exposure  was  unusually  good,  and  the  procedure  very  tliorough. 
The  tisiial    tecluiic   was    varied   by   splitting  the   spinous   processes   vertically   and 


UHn^rAX—STRl-CTl  ■R.tL    SCOLIOSIS 


617 


again  horizontally,  and  then  spreading  the  fragments  in  the  four  directions. 
This  appeared  to  give  unusually  good  bony  contact.  The  time  of  operation 
was  one  hour  and  twenty  minutes.  The  pleura  on  the  left  side  was  penetrated 
by  an  artery  clamp  in  the  hands  of  an  assistant.  The  perforation  was  immedi- 
ately closed  by  allowing  the  muscle  to   fall  over  it. 

Outcome. — May  22:  The  chest  was  examined  anteriorly.  It  was  resonant, 
and  there  was  vesicular  breathing.  Xo  friction  rub  was  felt  or  heard.  There 
were  no  rales  (Collens). 

May  24:  The  patient's  convalescence  had  been  uneventful,  except  that  she 
had  complained  of  occasional  pain.  The  dressings  were  removed.  The  wound 
was  closed  by  first  intention.  There  were  signs  of  pressure  at  the  lower  extrem- 
itv  of -the  wound. 


Fig. 


(Ca<e  7). — Left,   before  operation;   right,   after  operation. 


June  24:  .\  rocntgen-ray  examination  of  the  spine  throughout  tlie  area  of 
operation  revealed  an  apparent  complete  fusion,  in  that  the  intervertebral  spaces 
were  scarcely  visible. 

June  26:  .V  confirmatory  roentgen-ray  examination  failed  to  reveal  any 
fusion  whatever. 

July  1.?:  The  spine  appeared  stiff  in  the  area  of  operation.  A  low  plaster 
jacket  holding  the  lumbar  region  in  position  was  applied.  .\  roentgenogram  of 
the  region  of  operation  was  taken. 

July  IS:  A  roentgenogram  showed  no  change.  The  patient  was  discharged, 
wearing  a  plaster  jacket:  to  return  for  observation. 

.August  9:  The  patient  was  comfortable.  The  jacket  was  in  good  condition. 
There  was  no  alteration  in  the  external  aspect  of  the  trunk. 
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September  27:  The  patient  was  now  wearing  an  ordinary  corset  and  suffered 
occasional  weakness  and  discomfort  in  tlie  lumbar  region,  and  in  the  arms. 
She  felt,  however,  that  she  was  steadily  improving.  The  external  appearance 
of  the  trunk  was  symmetrical.  There  was  apparently,  complete  rigidity  of  the 
area  of  operation. 

May  1.  1922:    The  patient's  general  and  local  condition  was  excellent. 


Fig.  28    (Case   7). — .A.fter   operation. 


Cask  8. — History. — M.  C.,  girl,  aged  16  years,  was  admitted  to  the  outpatient 
department  with  a  clinical  diagnosis  of  rotary  lateral  curvature  of  the  spine. 
She  had  had  measles  and  whooping  cough  at  2  years.  Her  father,  aged  45, 
mother,  44,  one  brother  and  two  sisters  were  living  and  well.  One  brother 
died  of  pneumonia  at  27  months,  and  one  sister,  of  spinal  meningitis  at  3 
months.      The    chief    complaint     was    curvature    of    tlie    spine,    nl     two    years' 


ll-llirMAX—STRUCTLRAL    SCOLIOSIS 


619 


duration.  Two  years  previously,  the  patient's  niotlier  noticed  tliat  she  had  a 
spinal  curvature.  Nothing  was  done  aliout  it  for  one  year.  Tlic  trouble  Ijecame 
worse  during  the  interval,  and.  .April  15,  1920,  she  presented  herself  at  the  hos- 
pital for  treatment.  She  was  put  in  a  cast.  E.xcept  for  changes  every  two 
months,  she  had  worn  it  continuously  since.  Every  two  months,  she  had  had 
a  roentgenogram  taken  at  the  time  the  cast  was  changed.  The  condition  had 
improved,  but  in  order  to  prevent  a  recurrence,  she  entered  the  hospital  to  have 
an  operation  to  fix — "stiffen" —  the  spine.  When  examined  .\pril  1.3,  1920,  the 
patient  was  in  fair  condition.  She  presented  a  rotary  lateral  curvature  of  the 
■ipine  to  the  right   in  the  dorsal   ri-jjion.     There  was  extreme  promiiu-ncc   nf  the 


Fig.  29   (Case  8).- — Left,  before  operation;   right,   after  operation. 


ribs  on  the  right  side,  amounting  to  razor  back  deformity,  with  corresponding 
concavity  of  the  ribs  on  the  left.  The  spine  apparently  was  completely  rigid. 
A  roentgen-ray  examination  was  made  and  photograph  taken. 

.•\pril  2.  1921  :  Xo  improvement  was  made  between  the  application  of  the  last 
and  next  to  the  last  jacket.  The  patient  was  therefore  admitted  for  treatment 
on  a  frame  with  traction,  as  a  preliminary  to  operation.  The  external  appearance 
of  the  trunk  was  one  of  almost  complete  symmetry.  There  was  still  slight 
prominence  of  the  lower  ribs  on  the  right  side.  There  was  a  slight  curvature 
palpable  to  the  right  in  the  dorsal  region. 

Operation. — .April  6  (Dr.  A.  Whitman):  The  usual  Hibbs  operation  was 
performed,  from  the  second  to  the  twelfth  dorsal  vertebra.     The  bleeding  was 
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entircl\'  cuntrollcil  by  packing.  No  ligatures  were  tied.  Tliere  was  very  slight 
lateral  deviation  of  the  spine,  but  considerable  rotation,  to  about  25  degrees. 
The  experiment  was  tried  of  correcting  the  rotation  by  pressure  on  the  spinous 
processes,  which  proved  quite  impossible.  One  could  barely  move  the  vertebra, 
which   immediately   returned   to   its   ori.ginal   position.     The   ligamcntiuii   nuchae 


30    (Case   8).— I'.ef.in-   uperatiun. 


was  sutured  with  kangaroo,  the  subcutaneous  tissues  sutured  with  plain  gut,  the 
skin  with  0  plain  gut. 

The  patient  had  a  copious  bowel  movement  during  the  operation  which  was 
noted,  in  case  infection  might  develop. 

Aftcr-Treatment. — April  19:  On  account  of  tlie  irregular  temperature  and 
the  blood  count,  the  patient  was  dressed  on  the  eighth  day.  The  wound  was 
completely   healed,   and   there    was   no   sign   of   superficial   infection.     The   con- 
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valesccnce,  except  for  the  variations  in  temperature,  had  been  extraordinarily 
smooth.  The  patient  had  not  complained  of  pain  since  the  first  twenty-four 
hours.  All  dressings  were  removed.  Traction  was  reapplied  on  the  fourth  day. 
The  patient  now  had  20  pounds  (9  kg.)  traction  on  the  waist  and  5  pounds 
{2.3  kg.)   on  the  head.     The  appearand'  of  the  back  was  satisfactory. 


Fig.  3\    (Case  8). — .Alter  operation. 


.April  28:  The  patient  was  turned  nn  the  face  and  there  seemed  to  be  some 
lateral  fixation. 

May  17;  The  patient  was  removed  from  the  frame  and  was  taken  to  the 
plaster  room  to  have  a  corset  applied.  She  was  to  return  for  another  week  on 
the  frame,  but  she  preferred  a  jacket  to  a  corset.  On  this  account,  she  was 
allowed  to  sit  up  (May  19). 

Outcome. —  (Dr.  Bost)  :  May  20.  she  was  discharged,  improved. 
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July  21  :  Tliu  spine  was  apparency  stiff.  The  patient  was  satisfied  that  the 
deformity  had  not  progressed.  She  wislied  to  wear  the  plaster  tlirough  the 
sunimer.     A  roentgenogram  was  taken. 

October  20:  The  patient  had  worn  a  plaster  corset  at  her  own  request 
throughout  the  summer.  It  was  now  removed  and  an  ordinary  whalebone 
corset  substituted.  The  patient  was  instructed  to  return  to  tlie  gyinnasiutii  at 
regular  intervals  for  exercises.  There  was  great  atrophy  of  the  luml)ar  muscles, 
but  apparently  no  increase  in  deformity, 

December  28:  There  was  still  considerable  atrophy  of  tlie  lumbar  muscles. 
Exercises  were  advisable,  but  apparently  impossible.  There  had  been  no  change 
in  the  deformity  of  the  spine. 

May  18,  1922:  The  patient  had  licen  taking  exercises.  The  general  condi- 
tion and  appearance  were  excellent. 

Cask.  9. — Ilislniy.—'L.  S.,  boy,  aged  12  years,  entered  the  outpatient  depart- 
ment, Dec.   II,  1919,  with  a  clinical  diagnosis  of  lateral  curvature  of  the  spine. 


Fig.  3Z    (Case  9). — Left,  before   operation;   right,   after   operation. 


He  had  had  whooping  cough  when  2  months  old,  measles  at  4  years,  and 
typhoid  fever  at  6.  He  was  very  sick  with  typhoid  fever  for  three  months. 
Following  this,  he  had  hemorrhages,  which  subsided  after  the  removal  of  his 
tonsils.  The  family  history  was  negative.  The  chief  complaint  was  curva- 
ture of  the  spine,  of  1  year  and  8  months'  duration.  Two  years  previously 
(October,  1917),  the  patient  had  fallen  from  a  horse,  landing  on  the  cement 
floor  of  a  barn,  breaking  the  left  forearm.  It  was  following  this  that  the 
curvature  of  the  spine  was  noticed.  .Aside  froin  massage  and  manipulation, 
nothing  had   been   done  to  correct   this   condition    (V.  W.   Purdy). 

Examination. — December  13  (Dr.  Whitman)  :  The  boy  was  in  good  condi- 
tion. He  stood  with  the  trunk  displaced  toward  the  right  side,  and  the  left 
pelvis  very  prominent.  There  was  marked  fixed  general  rotary,  lateral  curva- 
ture, involving  the  entire  dorsal  region  up  to  about  the  sixth  vertebra.  There 
was  marked  deformity  of  the  ribs  and  a  fair  degree  of  flexibility. 

December  I.^:    .\  corrective  jacket  was  applied. 
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December  16  (Dr.  Kleinberg)  :  A  roentgenogram  taken  Dec.  13,  1919,  follow- 
ing the  application  of  a  corrective  jacket,  showed  very  marked  reduction  of  the 
dorsal  curve. 

Read  mission. — March  16,  1920:  The  patient  had  been  ill  since  leaving  the 
hospital,  for  about  one  week,  five  weeks  before.  The  physician  said  that  he  had 
purpura   hemorrhagica.      Xothing   had   been   done    for   his   ortliopedic   condition 


Fig.  33   (Case  9). — Before  operation. 

since  his  discharge.  The  old  plaster  was  now  removed  and  replaced  with  a 
new  one  (  B.  L.  Schoolfield). 

March  17:  The  patient  was  discharged  wearing  the  plaster  jacket.  ( B.  VV. 
Moflfat). 

Comiiii'iif. — .April  2:  The  last  jacket,  applied  four  months  ago,  did  not  include 
the  right  shoulder,  as  there  appeared  to  he  too  much  exaggeration  of  the  curve 
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above  llio  orisinal  deformity.  A  corrective  jacket  was  applied  elevating  the 
left  slioulder  and  depressing  the  right.  On  removal  of  the  last  jacket,  there 
was  no  aiiparent  curvature  of  the  spine.  There  was  very  slight  prominence  of 
the  ribs  on  the  right  side,  and  a  mild  curvature  to  the  right  extending  from  the 
fourth  to  the  twclftli  dorsal  vertebra.  The  external  appearance  of  tlie  trunk 
was  excellent. 


Fig.  34    (Case  9).— After   operation. 


Second  Rcadmissioii.—]u\y  12  (Dr.  Whitman):  Since  the  last  report,  the 
boy  had  been  under  continuous  treatment  by  jackets.  He  now  returned  for 
operation.  The  extreme  deformity  of  the  spine  was  almost  corrected,  as  shown 
by  the  tracings. 

Operation.— ]u\y  20,  1921  (Dr.  .\.  Whitman:  assistant,  Dr.  Wyant)  :  .A.  fusion 
operation  extending  from  the  third  dorsal  through  the  first  hmibar  vertebra  was 
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performed.  The  exposure  was  unusually  good,  and  for  the  first  time  I  felt 
certain  that  I  had  destroyed  the  articulations  between  the  vertebrae.  The 
spinous  processes  were  split  in  four  parts  vertically  and  horizontally ;  two  were 
turned  up,  and  two  down,  so  that  the  interdigitation  was  very  satisfactory.  The 
ligaments  were  sutured  with  kangaroo  and  chromic  gut.  The  skin  was  closed 
with  catgut.  .\n  alcohol  dressing  was  applied.  The  time  of  operation  was  one 
hour. 

Aflcr-Trcalmcnt  and  Oh/cohu-.— July  26:  The  dressing  was  changed;  the 
wound  was  clean;  a  dry  dressing  was  applied  (R.  E.  Burns). 

July  30  (Dr.  WHiitman)  :  After  the  operation,  the  patient  complained  of 
pain  in  the  left  shoulder.  Many  of  these  patients  complained  of  pain  in  the 
shoulder,  although  the  line  of  incision  was  not  opposite  the  shoulder. 

.•\ugust  4:  The  patient  was  very  comfortable,  except  for  occasional  pains  in 
the  left  shoulder  which  were  not  very  severe  (Dr.  Snced). 

The  wound  was  dressed.    It  was  entirely  healed  (R.  E.  Burns). 

September  3 :  The  spine  was  stiffening.  The  external  deformity  of  the  ribs 
was  somewhat  improved. 

September  15 :  The  wound  was  entirely  healed.  The  patient  was  removed 
from  the  frame  and  a  plaster  jacket  applied,  shoulders  not  included  (Dr.  Wyant). 

The  patient  was  discharged  wearing  a  low  plaster  jacket  to  support  the 
lumbar  region. 

November  20:  The  plaster  corset  w-as  removed  and  a  canvas  reinforced 
corset  reapplied.  There  were  atrophy  of  the  lumbar  muscles  and  some  stiffness 
in   the  lumbar  region.     Massage  and  exercises  were  prescribed. 

December  20:   The  patient  reported  by  letter  that  his  improvement  continued. 

.\pril  22,  1922:  There  was  no  progress  of  the  deformity.  The  general  con- 
dition was  excellent. 

C.\SE  10. — History. — C.  M.,  girl,  aged  16  years,  entered  the  outpatient  depart- 
ment July  22,  1921,  with  a  clinical  diagnosis  of  rotary  lateral  curvature  of 
the  spine.  Her  general  health  was  excellent.  She  had  had  the  usual  diseases 
of  childhood.  Her  mother  died  of  pneumonia  at  the  age  of  48.  The  history 
of  the  father  was  unknown.  There  was  no  history  of  cancer,  tuberculosis  or 
heart  disease.  The  chief  complaint  was  curvature  of  the  spine,  of  two  and 
a  half  years'  duration.  Nothing  unusual  was  noted  about  the  child  until  she 
was  I2V2  years  of  age,  when  an  aunt  noticed  that  the  right  shoulder  drooped. 
It  was  thought  that  the  carr\ing  of  school  Irooks  caused  it.  The  child  was 
brought  to  the  hospital  and  a  plaster  cast  was  applied.  She  had  worn  it 
constantly  for  two  years,  and  now  came  in  for  operation   (Dr.  Wagner). 

Physical  Examination. — The  child  was  in  fair  condition ;  very  pale,  flat 
chested  and  evidently  considerably  under  weight.  She  presented  a  well  marked 
rotary,  lateral  curvature  of  the  spine  to  the  right  in  the  dorsal  region,  with 
a  slight  compensatory  curve  to  the  left  in  the  lumbar  region.  The  right 
shoulder  was  high,  the  left  hip  prominent.  There  was  considerable  rotation  of 
the  ribs,  and  prominence  of  the  scapulae.  .\  roentgenogram  and  photograph 
were  taken,  and  corrective  jackets  prescribed. 

Since  July,  1919,  the  patient  had  been  under  treatment  in  the  outpatient 
department,  corrective  jackets  being  applied  at  intervals  of  two  months.  She 
had,  apparently,  now  reached  the  maximum  correction  and  was  sent  to  the  hos- 
pital for  operation. 

O/rrndoii.— July  26,  1921  (Dr.  .\.  Whitman;  assistant.  Dr.  Wyant):  The 
fusion  oi>eration  was  perfonned  from  the  third  dorsal  to  the  twelfth  dorsal  ver- 
tebra.  There  was  ven,-  slight  rotation  of  the  spine  and  no  lateral  deviation.    The 
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SDinous  processes  were  split  horizontally  and  vertically,  and  then  pried  u|)\vard 
and  downward,  giving  a  very  satisfactory  interdigitation.  It  was  also  thought 
that  the  intervertebral  articulations  were  effectually  curetted.  The  ligaments 
were  sutured  with  chromic  gut,  the  subcutaneous  tissues  with  plain  gut,  the 
skin  with  horse-hair.    The  time  of  operation  was  one  and  one-half  hours. 

Outcome. — July  28:  There  was  bleeding  through  the  dressing  the  night 
following  the  operation.  The  general  condition  was  e.xcellcnt.  The  patient 
suffered  very  little  pain. 

August  2:  The  wound  was  clean.  Tlie  stitches  were  renioveil  and  dry  dress- 
ing applied. 


Fig.  35    (.Case   10).— After   operation. 


.■\ugust  23 :  .V  roentgenogram  showed  for  the  first  time,  in  the  series  of 
cases,  apparent  destruction  of  the  articular  processes. 

September  3:  The  e.xternal  appearance  of  the  patient's  back  was  satisfactory 
and  there  was  evident  beginning  stiffness  in  the  operative  area. 

September  24 ;  The  patient  was  removed  from  the  frame  and  a  plaster 
jacket  applied. 

September  26:  The  patient  was  discharged,  wearing  a  plaster-of- Paris  jacket, 
to  return  for  observation  in  one  week  (Dr.  Wyant). 

December  20:  The  plaster  corset  was  removed  and  an  ordinary  reinforced 
corset  substituted.  The  patient  was  instructed  to  take  exercises  for  the  lumbar 
muscles  and  gradually  to  discard  all  apparatus. 

.April  22,   1922:    The  condition  continued  to  be   satisfactory. 
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Case  11. — History. — R.  K..  schoolgirl,  aged  12  years,  entered  tlie  outpatieni 
department,  Aug.  5,  1920,  with  a  clinical  diagnosis  of  rotary  lateral  curvature 
of  the  spine.  Her  general  health  was  extremely  good.  She  had  had  the  usual 
diseases  of  childhood ;  no  pneumonia  nor  typhoid.  Her  mother,  aged  59,  and 
father.  50.  were  alive  and  well.     There  was  no  history  of  cancer,  tuberculosis, 


Fig.  36   (^Case   10). — .\ftcr  operation. 


or  heart  disease.  The  chief  complaint  was  curvature  of  the  spine,  of  one 
year's  duration.  When  the  child  was  11  years  old.  the  mother  noticed  that 
the  right  shoulder  and  the  right  side  of  the  back  were  more  prominent  than 
the  left.  She  was  sent  to  the  outpatient  department  and  had  been  treated 
continuously  with  plaster  jackets.  She  complained  of  no  pain  and  came  in 
for  operation   (Dr.  Wagner). 
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Phv.ncal  lixuininalioii. — The  child  was  in  good  condition,  and  stood  very 
erect.  She  prescnteil  a  lateral  curvature  of  the  spine  to  the  right,  a  long,  single 
curve  extending  throughout  practically  the  entire  length.  The  spine  was  flexible, 
but  the  curve  could  not  be  entirely  corrected.  The  left  hip  was  exceedingly 
prominent.  There  was  comparatively  slight  rotation.  The  case  seemed  especially 
favorable  for  corrective  treatment.  .\  nientgenogram  and  photograph  were 
taken. 

August  3;  The  corrective  jackets  had  lieen  ajjplied  at  two-mouth  intervals. 
According  to  the  roentgenogram,  the  curvature  of  the  spine  was  now  com- 
pletely corrected.  This  correction,  however,  had  been  obtained  at  the  cost  of 
considerable  flattening  of  the  right  chest.  The  patient  entered  the  hospital  for 
operation  to  assure  the  maintenance  of  the  correction. 

Trcatinciil. — August  6:  The  jacket  was  retained  until  the  frame  could  be 
made   (  Dr.  Wyant). 


Fig.  i7   (Case  11).— Left,  before  operation;   right,  after  operation. 


.\ugust  12:  The  patient  was  placed  on  the  frame  with  .'^  pounds  (2.3  kg.) 
traction  on  the  head  and  10  pounds  (4.6  kg.)  on  each  leg,  as  a  preliminary  to 
operation. 

Operation.— Xn^.  16.  1921  ;  The  operation  extended  from  the  third  to  the 
twelfth  dorsal  vertebra.  There  was  no  lateral  deformity  but  there  was  about 
45  degrees  of  rotation  in  the  middorsal  region,  with  corresponding  distortion 
of  the  laminae  and  transverse  processes.  The  usual  technic  was  carried  out 
with  thoroughness,  great  attention  being  paid  to  the  attempt  at  destruction  of 
the  articular  processes.  The  spinous  processes  were  split  horizontally  and 
vertically,  and  turned  upward  and  downward,  interdigitating  in  a  very  satis- 
factory manner.  The  ligaments  were  closed  with  chromic  gut,  the  subcutaneous 
tissue  with  jilain  gut.  and  the  skin  with  horse-hair.  The  time  of  operation  was 
one  hour  and  ten  minutes. 
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August  19 :  The  patient  recovered  from  the  operation  very  satisfactorily. 
She  was  now  on  a  convex  frame  continuously  but  no  traction  was  applied  as 
yet.     She  complained  of  very  little  pain. 

August  21  :  The  wound  was  in  excellent  condition.  There  was  no  swelling  or 
redness,  and  no  tender  areas.  There  was  a  slight  rise  in  temperature,  but  no 
discomfort  (Dr.  L.  Wagner). 


Fig.  38    (Case   11). — .After  operation. 


.-Vugust  25 :  The  dressing  was  changed  and  the  stitches  were  removed  from 
both  wounds,  which  had  healed  by  first  intention   (R.  E.  Burns'). 

September  3:  On  the  patient's  eighth  day  she  was  discovered  turned  on  her 
face,  propped  on  her  elbow,  conversing  with  her  sister.  This  fact  is  noted  as 
indicative  of  lack  of  postoperative  pain. 

September  9:  The  weights  on  each  side  of  the  pelvis  were  increased  to  10 
pounds  (4.6  kg.').    The  weight  on  the  head  had  also  been  increased  to  10  pounds. 
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Tlie  patient  complained  of  no  discomfort.  Right  angled  splints  were  applied  to 
each  foot  (Dr.  Wagner). 

October  18:  The  patient  was  removed  from  the  convex  frame  and  a  low 
straight  plaster  jacket  was  applied.  She  complained  of  no  discomfort  ( Dr. 
Wagner). 

December  27:  The  plaster  corset  was  removed  and  an  ordinary  corset  sub- 
stitnted.  The  patient  was  instructed  to  have  massage  and  exercises  for  the 
lumbar  muscles.     Her  general  appearance  was  excellent. 

May   1,   1922:    The   patient's  condition  has  continued  to  be  satisfactory. 

SUMMARV 

1.  Given  a  structural  scoliosis  of  unknown  origin  in  the  case  of  an 
adolescent  who  applies  for  treatmetit  because  of  progressive  deformity, 
the  prognosis  as  to  the  arrest  of  deformity  is  uncertain. 

2.  A  certain  number  of  such  conditions  may  be  held  in  check  by 
apparatus  and  exercises,  provided  the  patients  at  all  times  take  a  personal 
interest  in  their  posture. 

3.  The  only  means  of  imiiroving  the  actual  deformity  and  the 
external  appearance  of  the  trunk  is  by  apparatus  embodying  at  least 
some  of  the  principles  outlined  in  the  description  of  the  corrective 
jacket. 

4.  The  ma.xinium  degree  of  improvement  having  been  obtained,  the 
spine  must  be  held  corrected  for  a  period  of  years  while  accommodative 
changes  in  the  vertebrae  take  place. 

5.  This  maintenance  of  correction  can  be  effected  only  by  a  corrective 
jacket,  recumbency,  or  operation. 

6.  As  a  climax  to  the  corrective  treatment,  and  as  postoperative 
fixation,  recumbency  on  the  convex  stretcher  frame  has  proved  effective 
in  still  further  reducing  the  deformity  of  the  ribs,  and  in  allowing  full 
opfKDrtunity  for  chest  expansion. 

7.  While  the  amount  of  actual  anatomic  correction  of  the  deformity 
of  the  vertebrae  is  exceedingly  doubtful,  the  improvement  in  the 
patients'  external  appearance  seems  to  have  been  maintained  by  the 
operation.  It  has  also  greatly  abbreviated  the  period  of  their  con- 
valescence. 

8.  The  older  the  patient,  the  more  ra])id  the  ankylosis. 

283  Lexington  Avenue. 
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The  problem  of  the  comi)lete  correction  or  cure  of  structural 
scoliosis  is  still  unsolved.  Thus  far  treatment  lias  heen  directed  toward, 
and  necessarily  limited  to.  reducing  the  curvature,  improving  the 
appearance  of  the  back  and  maintaining  that  improvement.  There  are 
various  methods  of  treatment  whereby  improvement  may  be  obtained 
in  a  large  percentage  of  cases,  but  there  is  no  known  method  which 
assures  permanent  results.  To  make  sure  that  the  correction  will  be 
lasting,  we  have  been  compelled  to  prolong  the  treatment  over  a  period 
of  from  five  to  ten  years.  If  a  patient,  after  having  undergone  cor- 
rective treatment  for  .several  years,  has  retained  the  improvement  and 
has  shown  no  signs  of  relap.se  during  an  additional  period  of  two  or 
three  years,  we  feel  warranted  in  believing  that  the  deformity  will  not 
increase.  We  can,  however,  at  no  time  feel  positive  about  this,  for  we 
all  see  cases  become  wor.se  when  treatment  is  interrupted,  and  some- 
times even  while  corrective  treatment  is  in  progress.  The  deformity 
may  even  remain  stationary  for  a  number  of  years  and  then  become 
more  severe.  I  have  seen  scoliotic  deformity  increase  during  adult 
life.  While,  therefore,  it  is  true  that  .some  cases  remain  mild  and 
.stationarv-,  with  or  without  treatment,  the  fact  remains  that  in  many 
patients  the  deformity  does  become  .severe  and  that  in  any  given 
instance  we  are  unable  to  prognosticate  the  course  or  state  with  any 
assurance  that  the  deformity  has  reached  its  greatest  development. 

Some  more  certain  method  must,  therefore,  be  found  whereby  a 
given  spinal  curvature  can  be  fixed,  so  to  speak,  so  that  it  will  not 
increase.  Such  a  method  might  then  be  applied  in  the  earliest  stages 
of  the  deformity  and  the  many  very  severe  curvatures  of  the  paralytic, 
rachitic  and  razor-back  variety  might  be  prevented. 

Dr.  Ilibbs,'  encouraged  by  the  results  of  bis  fusion  operation  in 
Pott's  disease,  rea.soned  that  this  operation  ought  to  give  satisfactory 
results  in  scoliosis.  He  has  operated,  we  are  told,  in  many  cases,  and 
believes  that  fusion  of  a  part  of  the  spine  in  scoliosis  v.ill  prevent 
further  increase  of  deformity.  Dr.  A.  Mackenzie  Forbes  -  also  believes 
that  fusion  of  the  vertebrae  will  arrest   the  course  of  the  deformitv'. 


*  Read  before  the  Orthopedic  Section  of  the  \c\v  York  .\cadeiny  of  Medi- 
cine. .\pril  21.  1922. 

1.  Hil)hs.  R.  A. :    Treatment  f>f  Dcfonnitici  of  the  Spine  Caused  hy  Polio- 
myelitis. J.  A.  M.  A.  69:78/   (Sept.)   1917. 

2.  Forbes,  A.  M.:    J.  Orthop.  Surg.  2:357  (June)   1920. 
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He  uses  a  somewhat  ditterent  teclinie  frdiii  that  employed  by  Ilililjs. 
The  prineiple,  however,  is  the  same.  Both  Ilibbs  and  Forbes  aim  to 
obtain  osseous  fusion  of  the  posterior  arches  of  a  number  of  vertebrae, 
usually  from  eight  to  twelve,  in  the  belief  that  a  solid  spinal  column 
will  have  less  tendency  lo  rotarv  lateral  deformity  than  a  segmented 
one.  Whether  this  is  true,  time  and  experience  alone  will  teach  us; 
but  the  hypothesis  is  reasonal)le  and  this  treatment  deserves  an 
extensi\e  trial. 


Fig.    I.^KIkIU    cliirsal    scolio.si.s,    .slmwiiig    line    of    incision    extending    from 
second  dorsal  vertebra  to  dorsolumbar  junction. 


Relieving  that  the  operative  treatment  has  much  to  recommeiul  it, 
and  that  it  may  actually  aiiford  an  opportunity  of  arresting  the  iirogress 
of  scoliotic  deformity,  I  adopted  it  about  two  years  ago.  In  my 
earliest  cases  I  used  the  Hibbs  fusion  operation.^  I  found,  however, 
that  I  did  not  always  obtain  complete  bony  ankylosis.  This  appeared  to 
be  due  to  the  fact  that  I  bad  operated  in  very  severe  cases  in  which, 
on  account  of  the  extreme  deformity  of  the  vertebrae  and  ribs,  it  was 
practically  impossible  to  carry  out  all  of  the  steps  of  the  Ilibbs  fusion 


3.  Humpliries,    K.    E. :     The    Operative    Treatment    of    Scoliosis,    Tr.    Sec. 
Orthop.  Surg.,  A.  M.  .\.,  1921.  p.  58. 


KLEIXBERG— SCOLIOSIS  633 

technic.  I.  therefore,  decided  to  supplement  the  Hibbs  fusion  by  the 
use  of  a  beef  bone  graft.  I  cliose  a  iieterogenous  graft  for  two 
reasons:  First,  its  use  would  not  prolong  the  operation  as  would  the 
removal  of  a  graft  from  the  patient's  tibia;  second,  it  could  be  pre- 
pared of  the  desired  length  and  thickness  and  with  the  necessary  curve. 
which  may  not  be  possible  with  the  autogenous  graft. 

At  the  Hospital  for  Ruptured  and  Crippled,  fusion  of  the  spine 
in  scoliosis  forms  but  a  part  of  a  system  of  treatment  which  not  only 
is  believed  to  be  satisfactory,  but  which  also  is  likely  to  displace  the 
older  jacket  and  brace  methods.  This  treatment  may  be  divided  into 
the  preoperative,  operative  and  postoperative  phases. 

rRE0PER.\TIVE     TRE.VT.MENT 

From  my  experience  *  in  the  last  few  years  with  the  use  of  sus- 
pension in  the  application  of  corrective  jackets,  I  know  that  improve- 
ment results  from  fixation  of  the  trunk,  with  the  spine  in  extension  or 
hyperextension.  The  projection  of  the  ribs  is  reduced ;  the  deformity 
becomes  less  conspicuous;  the  appearance  of  the  back  is  improved,  and 
there  is  an  opportunity  for  proper  expansion  of  the  chest.  It  was, 
therefore,  suggested  by  Dr.  Royal  Whitman '"'  that  the  patient  lie  placed 
on  a  frame  for  a  short  time  so  that  some  improvement  might  take 
place  before  fusion  of  the  spine  is  undertaken.  This  procedure  has 
proved  unusually  profitable  to  the  patient,  and  now  forms  an  exceed- 
ingly important  part  of  our  treatment.  It  has  gradually  been  modified 
and  extended  so  that  the  developed  routine  is  as  follows :  A  convex 
frame  is  placed  on  the  bed,  extending  between,  and  resting  on,  the 
head  and  foot  pieces.  The  highest  part  of  the  arch  is  at  about  the 
mid-dorsal  region,  with  two  sections  of  the  curve  fonning  an  angle 
of  about  160  degrees.  The  patient  lies  on  the  frame  continuously. 
Traction  is  applied  to  the  head  by  means  of  a  Sayre  halter,  and  to  the 
trunk  by  a  pelvic  belt  with  weights  suspended  from  cords  running 
over  pulleys  at  the  foot  of  the  bed.  At  first  the  patient  lies  on  the 
frame  for  several  days  without  any  pull  to  permit  her  to  become 
accustomed  to  the  position.  It  is  rather  surprising  how  rapidly  this 
occurs,  so  that  eating,  sleeping  and  resting  are  very  comfortable.  After 
a  few  days  a  pull  of  a  few  pounds  is  applied,  and  as  the  patient  becomes 
accustomed  to  it,  the  weights  are  increased.  The  weight  on  the  head 
varies  between  5  and  10  pounds  (2.3  and  4.5  kg.),  and  that  on  each 
side  of  the  pelvis  is  somewhat  greater.  When  there  is  much  antero- 
posterior or  lateral  deformity,  a  Balkan  frame  is  set  up.  and  fonvard 
or  lateral  traction  is  used  in  addition.     All  traction  is  removed  during 


4.  Kleinberg.  Samuel:    Surg..  Gynec.  &  Ohst.  S2:.?64   (.^pril )   1921. 

5.  Whitman.  Rnval  :    J.  Orthop.  Sum.  3:3.W  (July)    1921. 
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meals,  l'(ir  the  ninrning  bath,  ami  fur  daily  massa,<,a'.  It  was  fdund  that 
in  siinie  oi  the  cases,  the  children  were  very  weak  when  taken  olT  the 
frames,  and  for  many  days  locomotion  was  unsteady  and  difficult  and 
that  the  legs  and  feet  were  swollen.  This  has  been  prevented  in  our 
recent  cases  by  daily  massage  of  the  hack  and  legs.     In  this  way,  the 


Fig.  2.— Exposure  of  posterior  arches  from  lirst  to  twelfth  dorsal  vertebra. 
The  Hibbs  fusion  operation  is  carried  out  from  the  third  to  the  tenth  dorsal 
vertebra,  inclusive:  a,  spinous  processes;  b,  laminae;  c,  articular  processes; 
d,  transverse  processes,  and  e,  periosteum  and  muscles. 


circulatory  and  muscular  tone  has  been  retained  and  no  further  diffi- 
culty has  been  experienced  in  walkitig.  \Mieti  the  luaxiiuum  degree 
of  correction  has  been  obtained,  the  patietit  is  ready  for  the  operation. 
It  came  as  a  pleasant  surprise  to  find  that  within  a  short  time  a 
verv  marked  degree  of  improvement  was  seen.  Apparently,  relaxation 
of  the  tissues  occurs  during  recumbency  and  the  traction  and  hyper- 
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extended  posture  reduce  the  curvature.  Witliin  from  four  to  eight 
weeks,  a  degree  of  improvement  is  seen  which  would  not  be  attained 
in  less  than  six.  or  more,  months  by  the  method  of  corrective  plaster- 
of-Paris  jackets.  I  am  convinced  that  the  maximum  degree  of  improve- 
ment in  a  given  case  can  be  olrtained  in   from  one  to  two  niontlis  by 


Fig.  3. — A.  the  Hibbs  operation  performed  from  the  third  to  the  tenth  dorsal 
vertebra.  The  spinous  processes  (a)  have  been  split  and  turned  down,  the  tip 
of  one  being  in  contact  with  the  base  of  the  spinous  process  below;  h,  pieces 
of  bone  elevated  from  laminae  and  laid  across  the  interlaminar  spaces ;  c,  articu- 
lation between  articular  processes  scarified  ;  d.  tips  of  transverse  processes,  and 
e.  spinal  muscles.  B,  manner  in  which  spinous  processes  are  split  and  turned 
down  (a);  small  sections  of  bone  elevated  from  laminae  and  turned  down  to 
bridge  the  space  between  adjacent  laminae  (d'l. 


the  application  of  traction  in  the  recumbent  position  on  a  convex  frame. 
It  has  been  my  experience  that  there  is  a  certain  degree  of  potential 
improvement  in  every  case.     This  degree  varies  in  difTerent  subjects. 
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but  when  reached  it  seems  inipossiljle  to  progress  beyond  it.  A  given 
j)atient,  for  instance,  is  treated  with  corrective  jackets.  A  marked 
change  is  seen  in  the  first  jacket ;  some  further  improvement  is  obtained 
in  succeeding  jackets.  Finally,  at  the  end  of  a  year  or  more,  no  further 
cliange  occurs  no  matter  liow  much  the  treatment  is  prolonged,  that  is, 
the  maximum  degree  of  imiimvement  for  that  case  has  been  reached. 


Fig.  4. — Beef  bone  graft  inserted  on  concave  side  of  curve.  Upper  part  of 
graft  held  between  split  spinous  processes  of  first  and  second  dorsal  vertebrae; 
lower  part  held  between  split  spinous  processes  of  eleventh  and  twelfth  dorsal 
vertebrae.     Nicks  in  graft  to  facilitate  vascularization  may  be  noted. 


Experience  has  taught  us  about  how  much  change  we  may  expect  in  the 
various  types  of  deformity,  and  one  comes  to  depend  on  his  experience 
in  judging  when  the  greatest  amount  of  correction  has  been  secured. 
My  observations  lead  me  to  believe  that  the  maximum  potential 
itnprovement  is  secured  by  this  method  of  traction  applied  in  recum- 
bency on  a  convex  frame  more  rapidly  and  with  very  much  less  dis- 
comfort than  by  anv  other  jirocedure.     The  correction  obtained  on  the 
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frame  would  be  of  no  advantage  if  at  the  end  of  the  brief  period  of 
recumbency  and  traction  the  patient  were  permitted  to  get  up  without 
any  further  support,  for  relapse  would  occur  immediately.  The  frame 
treatment  is  of  value  only  as  a  preliminary  step  to  some  means  of 
(ixation  of  the  spine.  Operative  fusion  of  the  spine  appears  at  present 
to  be  the  most  eft'ective  and  most  desirable  method  of  fixation. 

PRKP.\R.\TION      FOR     OI>I-:r.\TK)X 

As  aseptic  healing  is  particularly  desirable,  unusual  precautions  to 
avoid  infection  are  taken  in  the  preparation  of  both  the  patient's 
back  and  the  graft  to  be  used.  .A  beef  bone  graft,  cut  to  the  desirable 
shape  and  thickness,  is  boiled  for  several  hours  and  placed  in  a  closed 
vessel  with  ether.  Just  before  the  operation  it  is  again  boiled  for  half 
an  hour.  Transverse  nicks  are  made  in  the  graft  in  the  belief  that 
these  will  facilitate  vascularization.  All  traction  and  massage  are  dis- 
continued three  days  before  operation.  On  the  first  of  these  three 
days,  the  patient's  back  is  shaved  if  necessary  and  .scrubbed  thoroughly 
with  .soap  and  water,  dried,  and  a  voluminous  sterile  dressing  applied. 
( )n  the  second  day,  the  back  is  again  scrubbed  with  soap  and  water 
and  covered  with  a  sterile  dressing.  On  the  morning  of  the  third  day, 
or  the  day  of  operation,  assuming  that  the  patient  is  to  be  operated  on 
in  the  afternoon,  the  back  is  painted  with  one-half  strength  (3.5  per 
cent.)  tincture  of  iodin  and  a  sterile  dressing  is  put  on.  If  the  patient 
is  to  be  operated  on  in  the  morning,  the  coat  of  iodin  is  used  the  night 
before.  All  of  these  details  may  perhaps  be  unnecessary,  but  they  seem 
advisable,  and  inasmuch  as  I  have  not  yet  had  an  infection  in  a  case 
of  spinal  fusion,  I  believe  that  these  procedures  have  contributed  some 
share,  at  least,  to  the  .satisfactory  aseptic  healing. 

OPER.ATION 

The  operation,  as  I  have  performed  it,  combines  the  technic  of  the 
Hibbs  and  Albee  methods.  It  includes  most  of  the  vertebrae  of  a  simple 
curve  and  all  of  the  vertebrae  of  the  dorsal  segment  of  a  compound 
curve.  The  dorsal  is  the  most  favorable  site  for  operation.  This  is 
so  because  the  vertebrae  are  more  easily  reached  in  this  region  and 
because  the  elimination  of  motion  here  is  of  less  consequence  than  in 
any  other  part  of  the  back.  An  incision  of  the  desired  length  is  made 
through  the  skin  and  subcutaneous  tissue.  Following  tlie  method  of 
I  libbs.  the  periosteum  and  overlying  muscles  are  elevated  from  the 
spinous  to  the  tips  of  the  transverse  processes,  that  is.  the  posterior 
arches  of  the  vertebrae  are  thoroughly  denuded  and  exposed.  This 
l)art  of  the  operation  should  be  performed  as  nearlv  as  possible  sub- 
periosteally.  for  troublesome  hemorrhage  is  thus  avoided.  The  joints 
of  the  articular  processes  are  then  scarified  or  destroyed.     Chips  of 
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l)one  are  chiseled  away  from  the  laminae  and  placed  across  the  inter- 
laniinar  spaces.  The  spinous  processes  are  split  at  their  bases  and 
turned  down  so  that  the  tip  of  the  spinous  process  above  fits  into  the 
space  at  the  base  of  the  spinous  process  below.  At  times  I  have  split 
the  spinous  processes  into  several  horizontal  sections  which  have  been 
spread  out  into  a  fanlike  mass  (Forbes'  method).     When  this  part  of 


Fig.  5. — Spinous  processes  split  according  to  the  Forbes  technic  and  the 
sections  of  the  spinous  processes  laid  in  different  directions,  forming  a  large  bony 
area  for  contact  with  the  graft :  A,  lateral  view  showing  manner  of  splitting 
spinous  processes  according  to  the  Forbes  technic. 

the  operation  is  complete,  the  spinous  processes  of  two  vertebrae  above 
the  upper  limit  and  of  two  vertebrae  below  the  lower  limit  of  the  curve 
are  split  (Albee  technic).  The  latter  vertebrae,  being  at  the  points  of 
transition  from  the  main  to  the  compensatory  curves,  are  rarely 
deformed  to  any  degree,  and  the  spinous  processes  are  practically  in  the 
median  line.  A  graft  sufficiently  long  to  reach  between  the  limits  of  the 
vertebrae  operated  on,  about  one-fourth  inch  (6  mm.)  wide  and  some- 


KLEISHIiKG—SCOUOSIS 


639 


what  less  in  thickness,  with  a  curve  that  corresponds  to,  hut  is  not  so 
marked  as,  the  curvature  of  the  spine,  is  laid  in  the  wound,  being 
placed  on  the  laminae  and  transverse  processes  on  the  concave  side  of 
the  curve,  with  the  extremities  of  the  graft  embedded  between  the 
segments  of  the  split  spinous  processes.  The  graft  is  thus  brought  into 
contact  with  a  large  mass  of  bleeding  bone  consisting  of  the  transverse 
processes,  laminae  and  spinous  processes.  When  the  spinous  processes 
are  split  into  several  sections,  I  place  them  on  top  of  the  graft.  They 
serve  to  hold  the  graft  down  and  liring  more  of  its  surface  in  contact 


Fig.  6. — .Arrangement  of   heel   and   convex   frame   used   in   the   treatment   of 
scoliosis  at  the   Hospital  for  Ruptured  and  Crippled. 

with  living  bone.  The  i)eriosteum  and  muscles  are  sewed  with  inter- 
rupted kangaroo  sutures.  The  subcutaneous  tissue  and  skin  are  closed 
with  separate  layers  of  catgut.  A  dressing  is  a|)j)lied  and  a  warm  sterile 
flannel  jacket  is  put  on  and  the  patient  returned  to  bed. 


R.-\TI()N.M.E     OF     THE     OPERATION 

Experience  has  shown  that  it  is  very  difficult  and  often  absolutely 
impossible,  as  well  as  dangerous,  in  the  severe  cases  of  scoliosis  com- 
pletely and  thoroughly  to  denude  the  posterior  arches  of  the  vertebrae 
of  periosteum;  that  is.  it  is  not  possible  to  perform  the  typical  Hibbs 
operation.     I  have,  therefore,  used  a  stout  bone  graft  with  two  objects 
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in  view.  First,  as  a  strong  mechanical  support  extending  between  the 
ends  of  i1k'  curve,  the  graft  v^^ill  prevent  increase  of  the  curvature 
during  tlic  healing  and  consoHdation.  Second,  as  in  the  course  of  time 
this  huge  mass  of  bone  is  absorbed,  it  will  be  replaced  by  new  bone 
Ml  that  there  will  he  in  the  region  of  the  curvature  a  very  large  and 
solid  mass  of  bone  (greater  perhaps  than  results  from  the  simple  Hibbs 
fusion)   which  will  join  the  vertebrae,  prevent  increase  of  deformity 


Fig.   7. — Roentgenogram   of   boy    (S.    P.)    with   paralytic   structural   scoliosis, 
taken,  May  22,  1921,  a  few  days  before  he  was  placed  on  the  frame. 

and  thus  be  instrumental  in  arresting  the  progress  of  the  deformity. 
Whether  the  hoped-for  result  will  be  obtained  remains  to  be  proved. 


POSTOPERATIVE     CARE 

The  operation,  involving  as  it  does  rather  rough  handling  of  the 
vertebrae,  pulling,  pushing,  scraping,  chiseling,  hammering,  some  bleed- 
ing and  an  anesthesia  of  not  less  than  an  hour,  and  usually  nearer  an 
hour  and   a  half,   is  accompanied   practically  always   by   some   shock. 
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The  patient  is,  tlierefore,  put  Iwck  to  bed  and  not  on  the  frame. 
When  extra  heat  is  necessary,  it  is  supplied  by  means  of  therajjcutic 
lamps  and  portable  baking  machines.  This  simple,  but  very  helpful, 
procedure  was  suggested  by  Armitage  Whitman.  Extra  blankets  are 
supplied  and,  if  necessary,  medication.  It  usually  takes  three  or  four 
days  before  the  patient  begins  to  feel  comfortable  and  the  pulse  returns 
to  the  preoiierative  normal. 


I'i;t.  8. — Patient  (S.  P.)  treated  on  frame  iiiuii  Mii.  . ',  \')Z\.  when  he  was 
operated  on.  This  roentgenogram  was  taken,  Sept.  22,  1921.  while  le  was  still 
on  the  frame  and  shows  reduction  of  curve  of  spine  and  graft  in  place.  The 
improvement  in  the  appearance  of  the  hack  is  greater  than  the  apparent  reduc- 
tion of  the  curvature  of  the  spine. 


When  the  patient  has  completely  reco\crcd  from  the  immediate 
effects  of  the  operation,  that  is,  in  a  week  or  ten  days,  she  is  replaced 
on  the  frame.  Traction  is  applied  so  that  the  maximum  degree  of 
improvement  of  the  back  is  retained  while  consolidation  and  bone  for- 
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malion  arc  lakint,'  place.  It  is  hupcd  then  that  the  unidii  (ir  fusit)n  of 
the  vertebrae  will  take  place  with  the  spine  in  the  most  favorable  and 
least  curved  or  deformed  condition.  This  usually  means  a  postoperative 
period  of  treatment  of  not  less  than  eight  weeks.  During  this  time, 
the  ])atient  receives  massage  and  exercises  of  the  limbs. 

.\t  the  end  of  this  period,  we  have  found  that  the  patient  is  usually 
able  to  stand  up  and  retain  the  improvement.     Fearing,  however,  that 


Fig.  9.— Case  (M.  J.)  of  idiopathic  structural  scoliosis.  July  21,  1921.  treated 
by  corrective  exercises  for  one  year.     Deformity  growing  worse. 


the  union  may  not  be  sufficiently  solid,  .-idditional  sup|)ort  in  the   form 
of  a  light,  well-fitting  plaster  jacket  is  continued  for  .several  months. 

The  entire  treatment  lasts  between  six  and  nine  months,  and  I 
believe  that  in  this  comparatively  short  period  the  same  results  may  be 
accomplished  as  were  formerly  obtained  by  the  corrective  jacket  method 
in  several  years,  and  with  the  likelihood  that  there  will  not  be  any 
relapse. 
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Although  the  operation  does  not  remove  those  particular  factors 
( whatever  they  are )  which  are  responsible  for  the  rotation  and  devia- 
tion of  the  vertebrae,  and  although  it  is  apjireciated  that  a  solid  spinal 
column  may,  like  a  single  long  bone,  such  as  the  tibia  or  femur,  become 
deformed,  yet  it  seems  reasonable  to  believe  and  we  are  encouraged  in 
this  belief  by  our  recent  exjierience  that  wlien  from  eight  to  twelve 
vertebrae  are  fused  into  a  solid  mass,  tliere  will  be  Utile,  or  less, 
tendency  toward  increase  of  deformity. 

RESULTS    OF    tri:.\tmi:nt 

Our  experience  with  tiie  system  of  treatment  outlined  has  not 
extended  over  a  sufficiently  long  period,  nor  does  it  include  a  large 
enough  series  of  cases,  to  permit  absolutely  positive  conclusions ;  but 
the  results  have  been  highly  satisfactory  and  justify  its  use  on  a  large 
scale.  The  preoperative,  or  corrective,  treatment  affords  an  oppor- 
tunity to  obtain  the  same  degree  of  improvement  resulting  from  the 
employment  of  other  methods  and  has  the  distinct  advantage  of  taking 
very  much  less  time  than  is  necessary  when  using  jackets,  braces  or 
exercises.  In  addition,  it  is  entirely  free  from  the  restraint  and  dis- 
comfort of  jackets  or  braces.  Atroi)hy  of  the  muscles  may  be  avoided 
by  daily  massage  and  exercise  on  the  frame.  The  permanency  and 
value  of  fixation  of  the  spine  must  be  left  to  future  judgment. 

The  immediate  results  have  been  .satisfactory  in  all  of  the  cases. 
The  .ippearance  of  the  back  has  been  improved.  In  all  but  one  case, 
the  curvature  of  the  spine  was  reduced.  In  the  one  case,  that  of  a  girl, 
aged  17,  with  an  extremely  severe  scoliosis,  the  curve  of  the  spine  was 
not  reducible.  The  operation  was  performed  because  the  deformity  was 
becoming  more  severe  and  it  was  itoped  that  the  spinal  fusion  would 
"fix"  the  spine  and  prevent  increase  of  the  curvature.  This  patient 
has  already  gone  without  any  sujijiort  for  .several  months  and  so  far  the 
deformity  has  not  increased.  Five  other  patients  of  my  series  have  been 
without  any  support  for  periods  varying  between  two  and  six  months 
and  have  retained  the  improvement.  In  these  ca.ses,  the  fixation  has 
been  successful,  for  the  operative  region  of  the  s])ine  remains  immobile. 
In  two  instances,  there  is  noticeable  fragmen'ation  and  i)artial  dis- 
appearance of  the  graft.  As  there  is  no  large  amount  of  callus  (as  far 
as  one  may  judge  from  roentgenograms),  it  is  impossible  to  say  whether 
the  graft  has  been  replaced  by  new  bf)ne.  However,  the  stiffening  of 
the  spine  persists. 

Up  to  date,  I  have  of)erated  on  nineteen  p.atients.  twelve  girls  and 
seven  boys.  The  ages  varied  between  S  and  20  years.  Three  cases  were 
parahiic  and  the  others  were  of  the  idio])athic  type.  I  believe  that 
fixation  and  at  least  fibrous  ankylosis  were  obtained  in  every  instance. 
Fixation  of  the  spine  was  judged  clinically  by  the  loss  of  motion.    The 
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loss  of  flexion  and  extension  was  determined  by  the  lack  of  niolii.in 
in  the  anteroposterior  plane  when  the  lumbar  region  was  immobilized. 
It  was  difficult  to  decide  about  the  absence  of  lateral  motion  in  the 
dorsal  region,  because  it  was  hard  to  eliminate,  by  ordinary  manual 
support,  all  lateral  motion  between  the  lumbar  vertebrae.  Roentgeno- 
grams were  used  to  help  us  in  this  connection.     Thev  were  taken  with 


Fig.  10. — Same  patient  as  in  Figure  9,  treated  on  convex  frame  from  July  21, 
1921,  to  Sept.  13,  1921,  when  he  was  operated  on.  This  roentgenogram,  taken 
Oct.  10,  1921,  while  the  patient  was  still  on  the  frame,  shows  reduction  of  curve 
and  graft  in  place. 


the  patient  bent  laterally,  tirst  to  the  e.xtreme  right  and  then  td  the 
extreme  left.  In  several  cases  in  which  this  test  was  used,  there  was 
apparently  no  lateral  motion  between  the  vertebrae  operated  on,  and  the 
fixation  was  seemingly  complete. 

It   has  thus   far  been  impossible  to   judge   from  the   roentgen-ray 
appearance  alone  whether  there  was  osseous   fusion  of  the  vertebrae. 
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In  none  of  the  cases  was  tliere  any  large  amount  of  bone  thrown  out  at 
the  site  of  operation.  But  in  a  number  of  instances,  there  was  marked 
haziness  and  partial  obliteration  of  the  intervertebral  spaces.  This 
was  interpreted  as  signifying  deposition  of  new  bone,  presumably 
uniting  the  posterior  arches. 

As  previously  mentioned,  we  have  not  limited  ourselves  to  paralytic 
cases  and  we  believe  that  the  treatment  is  applicable  to  all  varieties  of 
scoliosis.  It  is  manifestly  not  indicated  in  a  case  which  has  remained 
stationary  for  a  number  of  years;  nor  should  an  operation  be  per- 
formed on  a  patient  who  is  so  markedly  deformed  that  she  is  not  likely 
to  become  worse.  To  be  of  the  greatest  value,  the  operation  should 
be  performed  in  the  mild  cases,  so  that  the  more  advanced  degrees  of 
deformity  may  l)e  prevented. 

SU.MM.\RV 

The  treatment  of  structural  scoliosis  by  the  method  outlined,  con- 
sisting of  a  period  of  correction  by  means  of  traction  on  a  convex 
frame  followed  by  operative  fixation  of  a  large  number  of  vertebrae  by 
denuding  the  periosteum  from  the  posterior  arches  of  the  vertebrae  and 
inserting  a  large  and  long  beef  bone  graft,  has  given  very  satisfactory 
results  and  apjjcars  to  be  a  distinct  improvement  and  advance  in  the 
management  of  this  most  troublesome  of  all  deformities. 

The  use  of  the  beef  bone  graft  has  many  advantages.  It  may  be 
prepared  in  advance,  so  that  the  operation  is  not  needlessly  prolonged. 
If  may  be  cut  of  the  desired  length,  shape  and  thickness.  It  affords 
support  during  consolidation  of  the  verteljrae  on  which  operation  has 
been  performed.  It  acts  as  a  framework  for  new  bone  formation.  It 
is  especially  valuable  in  the  severe  cases  in  which  the  deformity  of  the 
ribs  and  vertebrae  is  so  marked  that  it  is  impossible  and  unsafe  to 
carry  out  the   Hibbs   fusion  operation  thoroughly. 

The  discomfort  and  disadvantages  of  plaster-of-Paris  jackets  are 
avoided  and  the  surgeon  is  spared  much  hard  work.  The  entire  period 
of  treatment  is  very  much  shortened,  and  it  is  hoped  that  it  may  not 
exceed  nine  months.  Corrective  treatment  can  be  carried  out  more 
rapidly  and  just  as  efficiently  on  a  convex  frame  with  traction  as  by 
pla.ster-of-Paris  jackets  or  braces. 

Finally,  the  results  obtained  compare  more  than  favfirably  with  those 
following  the  use  of  plaster-of-Paris  jackets,  braces  or  gymnastic 
exercises. 


BONE     REPAIR     FOLLOWING     INJURY     AND 
INFECTION  * 

FREDERIC     W.     BANCROFT,    M.D. 
Associate  Attending  Surgeon,   New  York   Hospital 

NEW    YORK 

Since  McEwen's  classical  work  on  bone  repair,  there  has  been  much 
uncertainty  in  tlie  minds  of  clinicians  regarding  the  process  that  occurs 
in  bone  repair  following  injury.  Whether  or  not  the  periosteum  is 
the  all-important  factor  in  osteogenesis  has  clouded  our  minds.  The 
significance  of  the  bone  cell,  of  the  periosteum,  and  the  significance  of 
intermembranous  or  of  intercartilaginous  bone  development  is  not 
known.  The  terms  after  long  usage  are  established  as  entities,  thus 
tending  to  suggest  biologic  differences  because  of  microscopic  difference. 
Until  the  physical  chemist  gets  at  the  root  of  things,  confusion  con- 
cerning bone  in  all  parts  of  the  body  will  exist  in  the  minds  of  labora- 
tory workers.  I  believe  when  the  real  secrets  of  bone  formation  are 
understood,  we  shall  acknowledge  that  osteogenesis  occurs  in  the  same 
manner  in  all  tissues.  The  tissues  that  are  seemingly  different  under 
the  microscope.  I  believe,  are  chemically  similar  whenever  osteogenesis 
occurs,  be  it  repair  in  a  fracture  or  repair  following  infection,  be  it  in 
periosteum,  in  nuiscle  planes,  in  artery  wall  or  in  the  ventricular 
septum  of  the  heart.  Stop  and  think  nf  the  confiisicm  which  necessarily 
follows,  when  at  best  only  microscopic  sections  can  be  seen  of  the 
various  complex  tissues  manifesting  bone  formation  at  single  stages 
of  each  experiment.  The  physiologic  chemist  is  handicapped  in  the 
same  manner  because  his  analysis  by  necessity  is  of  a  single  stage, 
always  involving  many  tissues.  In  the  human  being,  and  in  the  labora- 
tory animal  used  for  experiment,  the  tissues  are  far  too  complex  in 
their  functional  activities  and  structural  make-up  to  make  it  possible 
for  the  observer  to  deduce  what  happens  in  single  cells  such  as  may 
be  present  in  osteogenesis;  hence,  the  confusion  among  experimenters 
as  expressed  in  the  literature.  The  surgeon  is  too  likely  to  feel  that  he 
does  not  know  much  about  bone  repair  because  he  is  so  confused  by 
the  dififerences  of  opinion  of  the  various  experimenters.  Those  interested 
in  osteogenesis  are  as  often  as  not  disputing  over  names  and  terms 
rather  than  discussing  processes,  and  bone  fortuation  is  truly  a  process 
and  not  a  state. 


*  From  the  Laboratories  of  the  Department  of  Surgery,   Columbia   Univer- 
sity College  of  Physicians  and  Surgeons. 

*  Read  before  the  Annual   Meeting  of  the   Colorado   State  Medical   Society, 
Pueblo,  Oct.  6.  1921. 
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bone;  C,  connective  tissue.  Gradual  transitions  are  observed  from  connective 
tissue  to  cartilage,  from  connective  tissue  to  bone  and  from  cartilage  to  bone. 
No   distinctive  cells   are   seen. 
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Fig.  3.  Ossification  occurring  in  the  midst  of  muscle  fibers,  twelve  days 
following  a  fracture  of  the  humerus  in  an  adult:  A,  ossification  occurring  in 
cartilage:   B.  early  bone:  C,  connective  tissue;   D,   degenerating   muscle   fibers. 
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Fig.  4,     CallLiiLi   formation  sevciUecn  days  luUouin;.;   fracture,  sliowing  depo- 
sition  of   calciinn    salts   on   the   avascular  zones   in    early   connective   tissue. 
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Fig.  5. — Comminuted  fracture  of  radius  and  ulna  in  rabbit,  fourteen  days 
after  injury:  A,  interosseous  membrane:  B,  medullary  canal  of  radius  with 
cortex  on  either  side;  C.  new  bone  forming  in  connective  tissue  following  hem- 
orrhage around  the  fractured  ends  and  across  the  medullary  canal ;  D,  detached 
bone  fragments  surrounded  by  new  bone  formation;  /:,  medullary  canal  of  ulna. 
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Fig.   6.— High   power   magnification  of  radius  and   ulna  shown  in  Figure  5  : 

A,  end  of  fractured  shaft  showing  atrophy  at  end  with  absence  of  bone  nuclei; 

B,  new  bone  formation   in  the  connective   tissue;   C,  areolar  connective  tissue 
with  newlv  formed  blood  vessels. 
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Fig.  7.— Bone  transijlaiUs  luur  wcck»  i^jUi^wuig  uijcratiou.  A,  haversian 
canal  with  reestablishmcnt  of  blood  supply  and  surrounded  by  one  or  two  layers 
of  active  bone  nuclei:  B.  absence  of  nuclei  in  bone  distant  from  haversian  canal. 
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Fig.  8. — Transplantation  of  bone  fragments  to  fill  defect  in  radius.  141  days 
following  operation:  A,  ulna;  B,  radius;  C,  lione  fragment;  nuclei  do  not  stain; 
areas  of  rarefaction  near  periphery;  D.  new  bone  formation  about  periphery 
of   fragments;  /:.  cartilage  forming   false  joint. 
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Fig.  9.— Tran>|.l.inlation  of  hone  iv.v^mvnx.  f  till  .l.l\ct  in  radius,  347  days 
following  operation:  ,/,  ulna;  li.  radius:  C.  beginning  formation  of  medullary 
canal.  The  entire  zone  shown  in  the  illustration  is  the  area  in  which  the 
transplants  were  placed.  It  is  no  longer  possible  to  detect  the  fragments;  but 
a  new  cortex  and  medullary  canal  arc  being  established  by  the  gradual  absorp- 
tion of  the  fragments  and  the   formation  of  new  bone. 
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In  urder  to  have  satisfactory  iherajjeutic  results,  it  is  advisable  to 
accept  some  ]]ractical  working  theory  that  will  cover  all  types  of  bone 
fornialioii.  This  theory  should  be  broad  enough  not  only  to  cover 
tiie  skeletal  bone  formation  but   also  the  extraskeletal  bone  formation 


Fig.  10. — Circulation  of  infant's  tibia  and  fibula  (.after  Le.xer)  :  A,  nutrient 
artery ;  B,  metaphyseal  capsular  artery ;  C,  relative  avascular  zone,  where  seques- 
trum separation  usually  occurs. 


that  occurs  in  so  many  places  in  the  body.  Extraskeletal  bone  forma- 
tion occurs  in  one  or  more  tissues  in  all  of  us  if  we  live  long  enough, 
and  it  may  be  produced  experimentally  in  animals  without  difficulty 
Extraskeletal  bone  occurs   frcf|uentlv  in  man  in  the  arterial   wall  and 
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in  the  muscles.  It  has  been  described  as  having  been  found  in  nearly 
all  of  the  tissues  of  the  body,  such  as  the  lymph  nodes,  ovaries,  kidneys, 
fascial  planes  and  wall  of  the  orbit. 

Experimentally,  bone  has  been  produced  in  animals  by  ligaling  the 
vessels  of  the  kidney  and  wrapping  the  omentum  about  it.  Microscopic 
sections  of  this  kidney  from  one  to  two  months  later  show  areas  of 
true  bone   and   calcification   occurriui;   in    tlie    ])arenchyma.      XcuhofF, 


Fig.  11. — Roentgenogram  of  humerus,  Nov.  3,  1919.  Croton  oil  was  inserted 
into  the  medullary  canal  in  capillary  tube  containers,  Oct.  10,  1919 :  SQ, 
sequestrum ;  In,  involucrum ;  S,  separation  zone. 

working  in  the  laboratory  of  surgical  research  at  Columbia  University, 
found  bone  almost  universally  in  fascia  lata  transplants  that  he  had 
made  to  fill  a  defect  in  the  bladder.  Any  theory,  therefore,  that  we 
may  accept  should  be  broad  enough  to  explain  these  irregular  types  of 
bone  formation  as  well  as  the  repair  of  bone  following  fractures  and 
infection.  We  may.  for  the  sake  of  discussion,  classify  the  theories 
of  bone  repair  roughlv  into  three  groups:  (1)  periosteal;  (2)  osteo- 
blastic, and   r.V)  extracellular  deposition  nf  calcium  salts. 
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1.  The  periosteal  theory  presupposes  that  the  periosteum  and 
endosteum  are  definite  organs  for  hone  formation  and  repair,  and  that 
the  bone  cells  arise  from  them  and  from  no  other  source. 

2.  The  cisteoblastic  theory  niav  be  divided  into  two  subtitles. 

Type  A.  This  assumes  that  in  hone  repair  following  injury  bone 
cells  are  liberated  from  their  lacunae  and  that  they  reproduce  and  form 
new  bone. 


Fig.    12. — Cross-section    showing   massive    sequestrum    extending   almost   the 
entire  length  of  the  shaft:  SQ.  sequestrum:  In.  involucrum  :  S.  separation  zone. 


Type  B.  This  assumes  that  following  injury  wandering  connective 
tissue  cells,  fibroblasts,  are  drawn  into  the  area  of  trauma.  Owing  to 
the  stimulus  of  the  repair,  they  are  transformed  into  bone  producing 
cells  and  then  become  specific  cells. 

3.  The  extracellular  deposition  of  calcium  salts  theory  assumes  that 
there  is  no  definite  bone  producing  cell ;  that  following  injury,  possibly 
by  positive  chemotaxis,  calcium  salts  in  the  proportions  usually  found 
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Fig.  13. — Microscopic  section:  Sq,  sequestrum;  In,  iiivolucrum ;  S,  separation 
zone.  Under  high  power  magnification  the  bone  nuclei  in  the  sequestrum  are 
absent  and  the  zones  in  the  medullary  canal  are  filled  with  leukocytes.  The 
separation  zone  5  contains  debris  and  numerous  polymorphonuclear  leukocytes. 
In  the  lower  separation  zone  5.  debris  disappeared  during  the  process  of 
decalcification. 
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in  bdiie  arc  ilcpn^iied  in  the  exlracelkilar  franiL--\vi)rk  n{  connective 
tissue  and  that  the  connective  tissue  cell  then  becomes  a  bone  cell  by 
functional  adaptation. 

Any  one  of  these  three  theories  may  explain  the  ordinary  repair  of 
bone  as  seen  in  fractures;  but  it  is  difficult  to  explain  under  the  peri- 
osteal theory  the  fomiation  of  extraskeletal  bone. 

The  bone  in  fascia  lata  transplants  in  the  bladder  found  by  Neuhof? 
cannot  be  explained  bv  the  periosteal  theory,  and  it  is  difficult  to  explain 


Pjg  14, — Following  insertion  of  capillary  tube  containing  croton  oil.  in 
medullary  canal,  Sept.  21,  1920.  Roentgen  ray.  Large  sequestrum  in  upper 
half  of  humerus,  Oct.  15,  1920. 


it  if  we  assume  that  the  osteoblast  is  a  specific  cell  coining  from  other 
bone  cells.  Moreover,  it  is  impossible  to  explain  the  formation  of  bone 
in  the  arteries  of  human  beings,  in  the  lymph  nodes  or  in  the  kidney 
by  either  of  these  theories. 

If  we  assume  that  bone  is  formed  by  metaplasia  of  connective  tissue 
cells  into  osteogenetic  cells  or  if  we  assume  that  it  is  purely  a  chemical 
deposition  in  living  connecti\e  tissue,  we  may  explain  the  phenomenon 
very  easily. 
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The  third  theory  has  seemed  more  plausible  to  me.  Gideon  Wells 
has  shown  that  if  cartilage  is  transplanted  into  the  omentum  it  has  a 
greater  power  of  absorbing  calcium  from  the  blood  than  has  any  other 
tissue  similarly  placed.  He  believes  that  the  same  proportions  of 
calcium  ])liosphate  and  calcium  carbonate  are  present  in  the  ash  of 
calcified  material  as  bone,  the  main  difference  being  that  calcification 
occurs  in  dead  tissue  while  ossification  occurs  in  the  presence  of  living 
tissue.     In  sections  of  kidneys  in  which  the  vessels  have  been  ligated. 


Fig.  IS. — Cross-section   showing  massive   sequestrum,   with   thick   invohicrum 
and  zone  of  separation:  SQ,  sequestrum;  In,  invohicrum:  S,  zone  of  separation. 


there  are  zones  of  calcification  and  ossification,  the  calcification  occurring 
in  dead  tissue  and  ossification  occurring  where  living  bone  cells  are 
observed. 

The  simplest  type  of  bone  repair  is  seen  following  fractures.  In  a 
series  of  fractures  on  animals,  I  have  been  able  to  follow  the  repair 
at  various  stages.  Immediately  following  the  fractures,  there  is  hemor- 
rhage between  the  broken  ends.     Fibrin  is  then  deposited  and  con- 
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traction  t}t'  tlic  clot  occurs.  In  from  about  five  to  ten  days  the 
organization  of  the  clot  by  the  ingrowth  of  connective  tissue  occurs. 
Connective  tissue  appears  to  take  a  definite  lobulated  arrangement,  so 
that  if  we  look  at  a  cut  section,  we  find  blood  vessels  and  then  areas 
of  thin  areolar  connective  tissue  (Figs.  1  to  4). 

Calcium  salts  are  then  deposited  in  the  avascular  zones  between  the 
blood  vessels.     Earlv  callus  looks  verv  much  like  the  lobules  of  the 


Fig.  15. — Lower  power  magnitication  of  terminal  portion  of  sequestrum  with 
surrounding  invokicrum  :  A,  sequestrum;  B,  granulation  tissue:  C,  involucrum; 
D,  terminal   spicule  of  sequestrum   shown  under  high  power  in  Figure  17. 


liver.  At  first  the  blood  vessels  appear  aljout  this  area  of  areolar  tissue 
and  then  an  area  of  new  bone  appears.  At  a  later  period,  the  areolar 
zone  is  almost  completely  replaced  by  osteogenetic  tissue.  This  process 
continues  until  there  is  a  definite  haversian  canal  system  of  adult  bone. 
In  the  zones  of  exuberant  callous  formation,  absorption  of  the  calcium 
salts  takes  place  and  scar  tissue  results.  Bone  atrophy  occurs  almost 
universally  near  the  fractured  ends.  A  great  number  of  nuclei  of  the 
bone  cells  in  the  lacunae  disappear. 
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Fig.  17. — Terminal  portion  of  sequestrum  showing  new  bone  formation  about 
it,  and  gradual  reorganization:  A.  dead  bone,  cell  spaces  are  empty  showing  no 
nuclear  stain :  B.  newly  formed  bone  surrounding  and  incorporating  dead  bone. 
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As  the  granulation  tissue  s])ring>  fmm  the  iieriphery  and  the  new- 
blood  vessels  run  at  right  angles  to  the  shaft,  the  haversian  canals  as 
seen  by  microscopic  examination  from  three  to  live  months  following 
fracture,  are  perpendicular  to  the  normal  haversian  canals  of  the  shaft. 
At  the  end  of  a  year,  however,  hy  a  gradual  process  of  absorption  and 
new  formation,  canals  are  reestablished  in  a  normal  direction.  Peri- 
osteum,  as  it   is   a   connective  tissue  and   as   it 


an   areolar 


layer 


Fig.  18. — Large  sequestrum,  Nov.  10,  1919,  with  well  marked  invohicrum  and 
separation  zone :  In,  involucrum ;  Sq.  sequestrum ;  operation  performed,  Oct. 
10,  1919. 


immediately  adjacent  to  the  shaft,  undoubtedly  serves  as  a  bone  form- 
ing membrane;  but  it  is  not  the  only  connective  tissue  which  mav  form 
bone  (Figs.  5  and  6). 

The  study  of  bone  grafts  show-s  strikingly  why  the  clinician  and  the 
laboratory  worker  have  dififered  in  their  accounts  of  the  after-history 
of  the  graft. 

The  clinician  has  usually  stated  that  grafts  "live,"  because  if  occasion 
should   arise   demanding   the   ])crformance   of   a    secondarv   operation, 
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he  finds  that  the  cut  section  of  the  graft  bleeds  and  that  it  has  the 
general  ap[:earance  of  living  bone.  Roentgenograms  also  show  the 
graft  appearing  as  normal  bone. 

The  laboratory  worker  on  microsco])ic  examination  finds  that  in 
grafts  of  one  to  two  weeks'  duration  the  nuclei  do  not  stain  and  the 
bone  appears  dead.  Microscopic  examination  at  a  later  period  reveals 
the  blood  vessels  reestablished  in  the  haversian  canals,  and  about  them 
line  or  two  layers  of  living  bone  cells,   while  portions  of   the  graft 


Fig.  19. — Sequestrum  and   involucrum,   Dec.   1,   1919,  less  marked   than   pre- 
viously :   III,  involucrum ;   Sq,  sequestrum. 


further  from  tl.e  canals  show  the  absence  of  nuclei  (Fig.  7).  The 
process  then  continues  as  a  gradual  absorption  of  the  dead  bone  and 
the  formation  of  new  bone  in  its  place.  It  is  easy  to  see  that  the  bone 
at  this  period  would  bleed  on  section  and  would  appear  alive  clinically. 
In  order  to  iiave  a  successful  graft,  three  conditions  must  be 
established:  First,  the  graft  must  maintain  the  shape  of  the  limb; 
second,  it  must  have  its  blood  supply  quickly  reestablished  and.  third, 
it  must  stimulate  osteogenesis  in  the  neighboring  tissues. 
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McW'illiaius,  in  a  thoniut^h  analysis  uf  the  xarimis  methods  of  bone 
graflinj,"-,  read  before  the  Anu-riean  Surgical  Association  at  Toronto 
in  June,  1921,  came  to  the  conclusion  that  the  presence  of  peri- 
osteum upon  the  graft  had  very  little  influence  upon  its  ultiinate 
success.  He  analyzed  about  1,390  cases  in  which  grafts  had  been  used. 
Of  these,  1,170,  with  ?^2.'^  ])er  cent,  of  successes,  had  periosteum,  while 
196,  with  82.6  per  cent,  of   successes,   were  without  periosteum.     In 


Fig.  20. — Roentgenogram.  Jan.  15.  1920;  no  invoUicriim  or  soqucstrnm  seen. 


analyzing  the  types  of  transplants,  he  found  that  the  successes  were 
relatively  as  follows:  bone  pegs,  95.8  per  cent.;  osteopericsteal  (Oilier, 
DeLangeniere),  87.3  per  cent.;  end-to-end  (without  inlay),  82.5  per 
cent.;  inlay,  80.9  per  cent.,  and  intramedullary,  76.6  per  cent. 

If  we  study  these,  we  find  that  probably  the  three  points  empha- 
sized for  the  success  of  bone  grafts  explain  the  relative  success  of  the 
foregoing  methods. 


BASCROFT—IiOXE     REP  Alii 


667 


Bone  pegs  are  surrounded  completely  by  bone  and  very  quickly 
have  their  blood  supply  reestablished. 

The  osteoperiosteal  grafts  of  DeLangeniere  are  tiiin  strips  of  bone 
and  periosteum  which  are  laid  down  between  the  ends  of  the  bone. 
If  the}'  are  sufficient  to  maintain  the  sha])e  of  the  limb,  theoretically 
they  are  the  most  practical,  for  the  blood  supply  is  very  quickly  estab- 
lished. They  offer  a  large  surface  of  raw  bcitic  to  stinuiiate  osteo- 
genesis. 


Fig.  21. — Cut-section,  Jan.  24,  1920:  In,  subperiosteal  bone  proliferation;  A, 
probable  remnants  of  old   sequestrum   but   no   separation   zone. 


The  inlay  graft  is,  as  a  rule,  rather  thick  and  does  not  ofYer  so 
much  surface  of  raw  bone  for  stimulation  of  osteogenesis.  The  late 
fractures  that  occur  in  these  cases  are  probably  due  to  the  slow 
reestablishment  of  the  blood  supply  and  the  resulting  atrophy  of  the 
transplant. 

I  am  inclined  to  believe  that  the  intramedullary  graft  should  be 
condemned.  We  know  that  the  main  blood  supply  of  the  shaft  of  the 
long  bone  is  from  the  nutrient  artery.     In  applying  an  intramedullary 
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i,Taft,  we  destroy  the  blood  supply  of  holh  fractured  ends  of  the  shaft 
and  undoubtedly  a  longer  time  is  required  for  repair  on  account  of  this 
to  reestablish  the  blood  supply  of  the  graft. 

In  a  series  of  experiments  lasting  over  two  or  three  years,  I  trans- 
planted small  bone  fragments  into  a  defect  of  from  1  to  2  inches 
(2.5  to  5  cm.)  in  the  radii  of  dogs.  Microscopic  studies  made  at 
various  intervals  after  operation  showed,  in  the  early  stages,  absence  of 
the  nuclei  in  all  these  grafts.    There  was,  however,  marked  production 


Fig.  22. — Microscopic  section  showing  subperiosteal  bone  proliferation,  no 
zone  of  separation:  A,  spaces  in  which  capillary  tubes  lay;  B,  artefact  occurring 
during  decalcification. 


of  new  bone  about  them  in  the  granulation  tissue  produced  immediately 
after  operation.  Firm  union  was  the  ultimate  result  in  nearly  all  of 
these  cases. 

At  the  end  of  about  a  month,  blood  vessels  were  seen  in  the  haversian 
canals  of  the  fragments,  and  about  each  of  these  canals  were  seen 
two  of  three  layers  of  bone  cells  with  active  nuclei.  I  believe  that 
these  grafts  act  in  a  manner  similar  to  the  osteoperiosteal  grafts  of 
DeLangeniere  (Figs.  8  and  9). 
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OSTEOMYELITIS 

At  the  present  time,  when  radicalism  is  necessary  in  the  treatment  of 
chronic  osteomyelitis  in  adults,  I  believe  a  word  of  caution  should  be 
spoken  with  regard  to  the  treatment  of  hematogenous  osteomyelitis  in 
children. 


Fig.  23  (Case  1 ).— Roentgenogram,  taken  July  30,  1919;  operation  per- 
formed June  22,  1919,  consisting  of  removal  of  2  inches  (5  cm.)  of  anterior 
.•surface  of  the  upper  third  of  the  tibia:  A,  area  of  bone  removed  at  primary 
operation;  In.  involucrum ;  S,  separation  zone. 

The  treatinent  of  acute  osteomyelitis  in  children  may  properly  be 
divided  into  the  treatment  at  the  acute,  and  treatment  at  the  subacute, 
stage.  The  primary  indication  for  operation  at  the  onset  is  the  relief  of 
pus  under  pressure,  and  as  such,  it   requires  the  application  of  the 
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same  surgical  principles  as  piis  collections  elsewhere  in  the  body,  that 
is,  adequate  drainage,  with  the  least  possible  trauma  and  with  careful 
attention  to  the  blood  supply.  If  one  considers  that  frequently  peri- 
osteum with  its  blood  supply  has  been  stripped  from  the  shaft  by  the 
exudation  of  pus  and  that  the  only  remaining  blood  supply  to  the  shaft 
is  through  the  nutrient  artery,  one  realizes  the  danger  to  the  entire 
shaft  of  too  active  treatment  by  curettage  or  packing  (Fig.  10). 


Fig.  24  (Case  1).— Optration,  June  22,  1919;  rociitt;Lii..giam  taken  Aug. 
22,  1919:  S,  former  separation  zone;  marked  subperiosteal  proliferation.  No 
operative  procedure  has  been  performed  on  this  area. 

It  is  true  that  in  the  region  of  the  metaphysis,  the  bony  septums 
somewhat  resemble  the  septums  of  the  mastoid,  and  that,  therefore, 
in  this  region  it  may  be  necessary  to  break  up  the  compartments  of 
the  ab,scess.  Care  should  be  taken  even  here  not  to  traumatize  any 
more  than  possible. 
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Constant,  careful  postoperative  observation  of  these  cases  is  neces- 
sary, as  there  are  frequent  secondar\-  metastatic  abscesses  in  the  soft 
parts. 

Subacute  Stage. — Before  the  days  of  wound  sterilization,  the  course 
of  a  case  could  be  fairly  definitely  prophesied.  .\t  the  ])rimary  opera- 
tion, the  shaft  was  opened  wide,  frequently  curetted  and  packed. 
Following  this,  sequestration  occurred,  frequently  involving  almost  the 
entire  shaft.  .As  advised  by  Nichols,  of  Boston,  the  sequestrum  was 
usually  removed  at  a  lime  wlicn  the  involucrum  was  strong  enough  to 


Fig.  25  (Case  1). — Operatinn,  June  21.  1919:  roentgenogram  taken.  Xov.  24, 
1920;  no  sinus;  patient  apparently   well. 

maintain  the  shape  of  the  limb,  and  yet,  at  such  a  stage  when  the 
involucrum  could  be  inverted,  obliterating,  as  far  as  possible,  the  "dead 
space." 

In  1919,  I  attempted  to  reproduce  osteomyelitis  in  dogs  before  the 
students  of  the  third-year  course  in  regional  surgery  at  Columbia.  At 
the  suggestion  of  Dr.  William  C.  Clarke  of  the  department  of  surgery, 
through  a  drill  hfile  in  the  cortex  of  the  medullarv  canal  of  the  humerus. 
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croton  oil  was  introduced  in  glass  capillary  tube  containers  having  their 
ends  sealed  with  agar-agar.  The  hole  in  the  cortex  was  then  plugged 
with  bone  wax,  and  the  soft  parts  and  the  skin  were  sutured.  By  this 
procedure,  repair  following  the  operative  trauma  was  allowed  to 
progress  before  the  croton  oil  was  liberated  from  the  capillary  tube, 
probably  by  the  solvent  action  of  the  cells  and  body  fluids  upon  the 
agar-agar.  As  croton  oil  causes  marked  necrosis  of  the  surrounding 
bone,  we  were  able  to  produce  a  chemical  osteomyelitis.    A  sequestrum. 


Fig.  26   (Case  2). — Roentgenogram  taken,   Dec.  8,   1919,  previous   to  opera- 
tion; .S'(;,  sequestrum;   hi,  involucrum ;  S.  separation  zone. 


often  from  5  to  10  cm.  in  length,  and  including  the  entire  circumference 
of  the  shaft,  frequently  occurred  (Figs.  11  to  17).  This  sequestrum 
was  separated  from  a  newly  formed  involucrum  by  a  zone  of  debris 
and  leukocytes;  therefore,  all  the  factors  of  an  acute  osteomyelitis  were 
present  with  the  exception  probably  of  bacteria  and  their  by-products. 
Sections  showed  the  sequestrum  with  an  involucrum  surrounding  it  but 
separated  from  it  by  a  zone  of  pus.  The  cortical  bone  of  sequestrum 
showed  absence  of  nuclei,  and  throughout  its  cancellous  portion  there 
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was  a  marked  infiltration  of  leukocytes.     The  involucrum  consisted  of 
newly  formed  subperiosteal  bone. 

In  the  prolonged  animal  experiments  roentgenologic  studies  showed 
the  gradual  disappearance  of  the  sequestrum  .so  that  at  the  end  of  two 
months  it  was  imjxDssible  to  detect  its  former  outlines  by  the  roentgen 
ray  (Figs.  18  to  22).  Microscopic  sections  taken  at  this  time  showed 
the  disappearance  of  the  zone  of  separation;  and  the  former  seques- 
trum was  then  united  to  the  living  bone  by  blood  vessels  entering  the 


Fig.  27  (Case  2). — Roentgenogram  taken,  Feb.  7.  1920;  operation.  Dec. 
9,  1919:  anterior  surface  of  the  cortex  of  the  tibia  removed:  drainage  tube  in 
popliteal  space  shown. 


haversian  canals.  The  process  was  similar  to  that  fr)und  in  any  bone 
transplant,  gradual  absorption  and  deposition  of  new  bone  occurring 
throughout  the  haversian  canals  until  all  the  «iead  bone  had  been 
replaced. 

I  have  emphasized  these  facts  because  I  believe  thev  have  a  definite 
influence  on  human  surgery.  I  shall  show  in  the  study  of  clinical  cases 
that  in  children  bone  tissues  that  are  apparently  dead  can  be  saved  to 
advantage. 


674 


ARCH  I  r  IIS    OF    SURGERy 


Since  the  introducticin  i)f  the  Carrel-l  )akin  technic.  we  have  liail 
results  iin  Dr.  Pool's  service  at  the  \e\v  Vm-k  Hospital  which  corre- 
siHiiul  to  a  certain  degree  with  results  fdund  in  our  experimental  work. 
The  following  two  cases  show  marked  re.t^eneration  of  bone  which  on 
either  roeiitt;en-ray  or  gross  examination  apjjeared  necrotic. 


Fig.   28    (Case  2). — Roentgenogram  taken,   April    10,    1920;    new   bone   pro- 
liferation about  and  incorporating  former  dead  shaft. 


(Jii  account  of  limited  time,  brief  sunnnaries  of  only  two  illustrative 
cases  will  be  given. 

Ri:i'ORT     OF     C.ASES 

C.\SK  1  (Figs.  23,  24  and  25).— A  girl,  aged  5  years,  came  into  the  hos- 
pital with  an  acute  osteomyelitis  involving  the  upper  third  of  the  tibia.  Drain- 
age was  established  by  removing  the  anterior  part  of  the  corte.x  in  tlie  upper 
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third.  Later,  the  roentgen  ray  revcalefl  a  marked  rarefaction  and  apparent 
sequestrum  formation  in  the  lower  third.  .As  the  temperature  was  approach- 
ing normal,  and  her  condition  was  quite  satisfactory,  it  was  considered  advis- 
able to  delay  operation  on  the  lower  third.  Later  the  roentgen  ray  revealed 
subperiosteal  bone  proliferation  around  this  zone  of  separation,  and  a  roent- 
genogram one  year  later  revealed  a  relatively  normal  appearing  shaft.  At  the 
present  time,  she  is  well,  without  any  sinus,  and  apparently  the  process  is  cured. 


Fig.  29  (Case  2 ).  — Roentgenogram  taken,  Oct.  18,  1920;  new  l)one  for- 
mation: wound  healed;  patient  walking  on  leg;   feels  well. 

Comment. — Primary  roentgenographic  studies  of  this  patient  disclosed  the 
appearance  of  rarefaction  and  sequestration  in  the  lower  third  of  the  tibia.  This 
completely  disappeared   without   any   operative   interference. 

C.\SE  2  (Figs.  26  to  29).— .\  boy,  aged  7  years,  in  whom  the  tibia  had  been 
insufficiently  drained,  elsewhere,  for  an  acute  osteomyelitis,  came  into  the 
hospital  extremely  ill,  with  a  temperature  of  106  F.,  marked  leukocytosis  and 


676  ARClIirnS     OF    SURGERY 

prostration.  At  the  primary  operation,  tlie  entire  anterior  portion  of  the 
cortex  of  the  tibia  was  removed.  There  was  a  fracture  of  the  upper  third 
due  to  the  complete  destruction  of  the  bone.  Periosteum  was  separated  by 
pus  from  the  greater  part  of  the  shaft.  In  this  case  Carrel  tubes  were  inserted 
posteriorly  between  the  necrotic  shaft  and  the  periosteum.  The  shaft  appeared 
dead.  It  was  not  removed  because  it  was  thought  advisable  to  maintain  this 
portion  of  the  shaft  to  prevent  deformity.  After  about  five  weeks,  granula- 
tions were  seen  springing  up  on  the  surface  of  the  formerly  necrotic  shaft. 
Roentgenograms  taken  two  months  after  the  primary  operation  showed  new 
bone  formation  about,  and  apparently  incorporating,  the  remnant  of  the  old 
necrotic  shaft.  At  the  present  time,  the  patient  has  no  sinus  and  the  roentgen 
ray  revealed  marked  new  bone  proliferation  without  the  sign  of  any  sequestrum. 
Comment. — This  patient,  who  was  too  sick  to  stand  any  operative  procedure, 
had  a  dead  shaft  exposed  in  the  wound.  After  Dakinization,  granulation  tissue 
appeared  on  the  former  necrotic  surface.  The  bone  was  later  incorporated  and 
the  new  bone  formed  about  it.  Whether  or  not  in  this  case  the  sequestrum 
was  sterilized  by  the  Dakin  solution,  it  is  difficult  to  state;  but  it  appears  that 
it  acted  very  much  as  did  the  chemical  sequestrum  produced  by  croton  oil  injec- 
tions in  the  experimental   laboratory. 

CONCLUSIONS 

From  the  experience  obtained  with  these  case.s  and  froni  the  many 
animal  experiments,  I  am  conxinced  that,  in  the  fntitre  in  the  treatment 
of  children,  we  can  be  more  conservative. 

First,  adequate  drainage  should  be  obtained  with  as  little  trauma  as 
possible.  Second,  in  cases  in  which  the  patient  is  clinically  progressing 
favorably,  bone,  which  by  roentgen-ray  or  gross  examination,  appears 
dead,  may  frequently  be  saved  to  advantage  in  order  to  prevent 
deformity  and  hasten  convalescence. 

Finally,  I  believe  that  in  the  past  we  have  made  bone  repair  appear 
much  too  complex.  We  have  been  lost  in  the  by-ways  of  periosteum, 
endosteum  and  bone  reticulum.  It  is  much  simpler  to  believe  that  bone 
occurs  as  a  ciiemical  deposition  in  connective  tissue.  Such  a  theory 
allows  for  bone  formation  as  it  appears  in  all  parts  of  the  body. 

In  bone  transplants,  we  must  assume  that  the  transplant  per  se 
does  not  live  but  that  it  acts  as  a  framework  for  new  bone  and  stimu- 
lates osteogenesis.  We  must,  therefore,  apply  grafts  that  can  easily 
have  a  blood  supply  established,  and  have  sufiicient  free  surface  to 
stimulate  bone  production. 

In  the  treatment  of  fractures,  care  must  be  taken  to  increase  the 
blood  supply.  This  is  more  important  than  immobilization  that  con- 
stricts the  limb.    Early  motion  favors  union  for  this  reason. 

What  we  are  apparently  doing  when  a  bone  graft  is  made  or  when 
extraskeletal  bone  occurs  in  an  experiment  is  producing  the  right 
chemical  state.    Then  the  process  of  bone  formation  inevitably  follows. 
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Until  the  physical  chemist  tells  us  more  of  the  intricacies  of  the 
chemistry  of  the  tissues,  the  practical  surgeon  should  study  the  circum- 
stances of  bone  production,  that  is,  what  factors  promote  its  formation. 
He  should  not  let  the  disputes  of  the  various  exi>erimcnters  over  terms, 
or  the  question  as  to  whether  this  or  that  tissue  produces  bone,  confuse 
the  issue.  The  issue  requires  that  the  patients  be  cured,  following 
injury  or  infection  of  the  bony  structures. 

100   East    Sixty-Sixth    Street. 


LIPPING    FRACTURE    OF    LOWER    ARTICULAR 
END     OF     TIBIA 

B.     F.     LOUNSBURV.     M.D.,    and    A.     R.     METZ,     M.D. 

CHICAGO 

Lipping  fractures  of  the  tibia  merit  consideration  as  a  separate 
entity  because  of  the  difficulty  of  maintaining  reduction  and  the  high 
degree  of  disabihty  accompanying  union  in  malposition. 

There  are  two  types  of  these  fractures,  the  anterior  and  the  posterior. 
There  may  be  an  accompanying  fracture  of  the  internal  malleolus 
or  lower  end  of  the  fibula  or  both,  with  displacement  of  the  astragalus 
and  foot  forward  or  backward.  In  the  young,  there  may  be  a  separa- 
tion of  the  epiphysis,  with  lipping  fracture  of  the  diaphysis. 


The  anterior  fracture  is  caused  by  a  sudden  violent  overflexion  of 
the  foot.  This  might  occur  when  the  weight  of  the  body  is  unexpectedly 
thrown  on  the  ball  of  the  foot,  as,  when  in  stepping  up  onto  a  curb  or 
stair,  the  foot  slips  off  and  is  forced  upward.  The  astragalus  is  forced 
forward  and  upward.  Its  convex  anterior  articulation  meets  resistance 
against  the  concave  anterior  lip  of  the  lower  articular  end  of  the  tibia. 
An  oblique  fracture  may  result,  displacing  the  anterior  lip  of  the  tibia 
forward  and  upward.  The  concave  socket  which  has  helped  to  hold 
the  astragalus  in  position  is  then  broken  and  this  fragment,  together 
with  the  foot,  slides  forward  from  under  the  end  of  the  tibia.  The 
convex  posterior  facet  of  the  astragalus  lies  against  the  fractured  front 
of  the  tibia. 

Fracture  of  the  posterior  lip  is  caused  by  catching  the  heel,  often  on 
a  door-sill  or  edge  of  a  step  or  curb.  The  ball  of  the  foot  is  without 
support  and  the  foot  is  hyperextended.  The  weight  of  the  body  is 
thrown  on  the  foot  and  tends  to  increase  this  hyperextension.  The 
posterior  lip  of  the  tibial  articulation  is  forced  against  tlie  [xisterior 
aspect  of  the  astragalus  and  a  fracture,  from  below  upward  and 
obliquely  backward,  results.  The  posterior  lip  of  the  tibial  articulation 
goes  backward  and  upward,  and  with  it  the  astragalus  and  foot.  The 
tibial  fragment  may  be  small  or  large.  It  may  be  a  mere  tearing  away 
of  the  rim,  to  which  the  joint  capsule  is  attached,  or  it  may  involve  the 
articular  surface  of  the  tibia  to  the  apex  of  its  concavity.  The  anterior 
side  of  the  astragalus  rests  against  the  posterior  fractured  surface  of 
the  tibia.  The  joint  capsule  may  be  ruptured  and  the  tibio-astragalar 
ligament  torn.  Frequently,  the  periosteum  is  stripped  up  for  some 
distance  on  the  back  of  the  tibia  and  is  attached  to  the  small  fragment. 
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Fig.  1. — Deformity  and  skin   iiici>ioii   in   fracture  of  the  anterior  lip. 
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Fig.  2. — Periosteum   opened,   showing   forwardly   displaced    fragment. 
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Fig.  3. — FraKinciit    rcplaccl   ami    hclil   with   bone   clamp   while   drill   hole   is 
being  made. 
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&e.(]  from 
'which  bone  U' 
wasLaken 


Fig.  4. — IJtil  irnni  which  bone  peg  is  cut  and  fragments  held  by  bone  peg. 
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Fig.  5. — Posterior  fracturt  •.   and  displacement  backward  of  the 

astragalus  and  foot,  showing  liiif  ..i  hu  i>jnn. 
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Fig.   6. — Periosteum    opened,    showing    displaced    posterior    fragment. 
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Fig.  7. — Fragment  replaced  and  held  by  bone  clamp  while  drill  hole  is  being 
made,  and  bed  from  which  peg  has  been  removed. 
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Fig.  8. — Posterior  fragment  held   to  the  anterior   fragment  by  bone  peg. 
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The  internal   malleolus  may  be  fractured  and  displaced   medially  and 
upward.     This  may  complicate  either  the  anterior  or  posterior  type. 

The  nearer  the  line  of  fracture  is  to  the  apex  of  the  concavity  of  the 
tibial  articulation,  the  easier  it  will  be  to  reduce  the  astragalus  and  the 
more  difficult  it  will  be  to  maintain  it  after  reduction.  Frequently,  the 
surgeon  has  made  an  exxellent  reduction  of  such  a  fracture  and  applied 


Fig.  9. — Fracture  of  posterior  lip  of  the  tibia  complicated  by  fracture  of 
the  lower  end  of  the  fibula,  fourteen  weeks  after  injury.  Foot  and  astragalus 
displaced  backward  and   held   in   malposition  by   firm  callus. 


a  cast  to  maintain  it.  When  checking  the  result  with  a  roentgenogram, 
he  has  been  disappointed  to  find  that  dis])lacement  has  recurred  within 
the  cast ;  and  in  spite  of  repeated  efforts  of  nonoperative  methods, 
he  has  been  unable  to  hold  the  fragments  in  their  normal  position. 
Under  these  circumstances,  an  ni>en  reduction  and  fi.xation  of  the  frag- 
ments is  the  nnlv  niethnd  that  will  be  effective. 
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Because  of  the  complex  anatomy  of  the  ankle,  open  reduction  of 
this  fracture  has  always  been  difficult,  especially  in  old  cases.  To 
simplify  the  operative  procedures,  we  have  developed  the  technic 
illustrated  in  the  accompanying  sketches.  An  incision  over  the  medial 
surface  of  the  tibia,  from  a  point  6  inches  (15  cm.)  above  the  internal 
malleolus,  is  carried  down  over  the  malleolus  and  curved  slightly 
forward  to  the  distal  end  of  the  astragalus.  The  incision  extends  down 
through  the  periosteum  to  the  end  of  the  tibia.     The  periosteum  is 


Fig.  10. — Same  leg  as  that  shown  in  Figure  9  after  cutting  callus  and 
reducing  fracture  and  dislocation,  and  maintaining  reduction  liy  autogenous 
bone  peg  cut  from  tibia  by  authors'  method. 


reflected  back  from  the  medial  surface,  over  the  crest  and  over  the 
dorsal  aspect.  This  lays  bare  the  fracture  field  in  either  an  anterior 
or  posterior  displacement.  Some  shreds  of  periosteum  or  ligament 
may  be  found  between  the  fragments.  These  are  removed  and  the  small 
fragment  easily  pushed  into  position.  It  is  held  to  the  large  frag- 
ment  by   a   Lownian   clamp.      In   an   anterior   displacement   a   hole   is 
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drilled  through  the  small  frntjiiient  into  the  large  one,  while  the  clamp 
holds  them  firmly.  With  a  chisel,  a  peg  is  cut  from  the  exposed  crest 
of  the  tibia.  The  peg  maj'  he  sharpened  with  ordinary  bone  cutters  or 
chisel,  and  is  then  driven  through  the  small  fragment  into  the  large  one. 
In  the  posterior  dislocation,  the  drill  hole  extends  through  the  large 
fragment  into  the  small  one,  because  of  easier  access,  and  the  jieg,  also 
driven    frnni    in    trcmt.    passes    through    the    large    fragment    into    the 


Fig.  11. — Separation  of  the  epiphysis  and  lipping  fracture  of  the  diaphysis. 


small  one.  The  peg  is  cut  flush  with  the  lx)nc  and  the  periosteum 
sutured.  The  skin  is  sutured  with  catgut  and  a  cast  applied.  The  cast 
should  run  to  the  knee  and  hold  the  foot  at  a  right  angle  to  the  tibia. 
In  from  six  to  eight  weeks,  the  cast  can  usually  l)e  removed  and  hydro- 
therapy and  massage  instituted. 

In   old  cases  in  which   union  has  taken  place  in  malposition,  the 
problem  is  more  difiicult  and  necessitates  the  cutting  of  callus.     Fre- 
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ciueiillv.  llif  Idwcr  end  of  llie  fibula  has  been  fractured  and  dis])laced 
backward  or  forward  with  the  astragalus.  Under  these  circumstances, 
it  is  necessary  to  cut  the  fibula  in  order  to  get  the  astragalus  into  its 
normal  position.  With  the  lip  of  the  tibia  securely  pegged,  it  is  not 
necessary  to  fix  the  fibular  fragment,  the  cast  answering  the  purpose 
fully. 


^KS^^  li 


Fig.  12. — Same  leg  as  that  shown  in  Figure  11   after  reduetiun  and  pegging 
with  autogenous  bone. 


ADVANTAGES     OF     OPERATION 

This  operation  has  two  distinct  advantages  :  I'irst,  by  keeping  within 
the  periosteum,  the  tendons  may  be  retracted  with  their  sheaths  and  the 
vessels  displaced  without  fear  of  hemorrhage;  second,  the  autogenous 
bone  peg  is  easily  secured  within  the  field  of  operation  by  a  few  chisel 
strokes.  This  makes  a  firm  fixation  material  with  the  least  likelihood 
of  unfaxorablc  l)one  reaction. 


OSTEO-ARTHRITIC     PROTRUSION     OF    THE     ACETAB- 
ULUM    (INTRAPELVIC     PFANNENVORWOLBUNG) 

ARTHUR     E.     HERTZLER,     M.D. 

HALSTEAD,    KAN. 

L'nder  this  Iiead.  an  affection  of  the  hip  joint  lias  been  described 
which  is  cliaracterized,  anatomically,  by  a  deejiening  of  the  acetabular 
cavity,  due  to  a  displacement,  medially,  of  its  inner  wall,  and,  clinically, 
by  pain  and  limitation  of  abduction  and  sometimes  of  adduction  and 
of  rotation.  It  was  first  described  by  Otto.'  It  is  a  rare  condition. 
\'alentin  and  Miiller  ^  were  able  to  collect  only  thirty-one  cases,  to 
which  they  added  three  of  their  own. 

This  condition,  as  described  in  the  literature,  is  due  to  a  variety  of 
causes.  I  am  able  to  present  fairly  well  marked  examples  of  most 
of  the  varieties. 

Case  1. — History. — A  man,  aged  29,  complained  of  pain  in  both  hip  joints, 
which  he  first  noticed  ten  years  previously.  It  began  without  known  cause  or 
antecedent  disease  except  joint  pains  in  bad  weather.  At  first  these  pains 
involved  the  hands  and  elbows  and  later  the  knees.  These  joints  had  not 
bothered  him  in  recent  years.  There  was  at  no  time  any  febrile  reaction.  He 
had  not  had  tonsillitis:  but  he  had  had  many  decayed  teeth,  requiring  exten- 
sive dental  work.  At  the  time  of  examination,  however,  there  was  no  defect. 
His  general  health  was  good. 

The  pain  in  the  hips  began  first  about  six  years  previously.  It  was  dull 
in  character  and  was  located  deep  in  the  hips.  It  did  not  radiate  and  was 
never  sharp.  These  pains  were  more  marked  in  cold,  rainy  weather.  The 
same  kind  of  pain  was  present  at  this  time,  but  the  tendency  to  be  worse  under 
certain  weather  conditions  was  less  marked  now  than  it  had  been  for  several 
years.  The  pain  was  most  pronounced  when  he  first  began  to  walk  after  sitting 
for  a  time,  but  lessened  with  exercise,  only  to  increase  again  if  the  exercise 
was  prolonged.  This  had  recently  become  so  marked  that  he  had  become 
incapacitated  for  all  work  on  the  farm.  After  excrci.sing  for  a  time,  the 
muscles  about  the  hips  seemed  to  become  stiff,  making  movements  slow  and 
difficult.  He  had  noticed,  a  number  of  years  previously,  that  it  was  no  longer 
possible  for  him  to  ride  horseback. 

Examination.  —  The  physical  e,\amination  revealed  an  apparently  vigorous 
young  man.  The  head  and  trunk  showed  no  deviation  from  the  normal.  The 
musculature  about  the  hips  seemed  flabby  and  slightly  atrophic  compared  with 
the  general  appearance  of  vigor  of  the  upper  part  of  the  body.  The  examina- 
tion of  the  legs  revealed  a  degree  of  flabbincss  when  compared  with  the  arms. 


1.  Otto:  Pfanncnbeckenmiszstaltung  infolge  dcformierender  Osteoarthritis. 
Seltenc  Reobachtungen  zur  .Anatomic,  Physiologic  und  Pathologic  gehiirig,  Ed.  2, 
Berlin  1824. 

2.  Valentin,  B..  and  Miiller,  H.:  Intrapelvine  PfannenvorwolHung  CPelvis 
Otto-Chrobak»,  Arch.   f.  klin.  Chir.  117:523,  1921. 
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Both  trochanters  projected  a  finger's  hrcachh  or  more  aliout  the  Nelaton  line. 
External  rotation  was  distinctly  limited,  as  was  also  internal  rotation  to  a 
lesser  degree.  Abduction  was  possible  only  to  a  very  limited  extent,  not 
more  than  20  degrees,  and  the  attempt  to  force  it  caused  pain.  Adduction  was 
somewhat  limited  but  less  so  than  abduction.     Flexion  was  possible  to  a  right 


Fig.  1  (Case  1). — Right  hip,  showing  normal  angle  of  the  neck  and  shaft. 
The  great  trochanter  lies  less  than  a  centimeter  from  the  acetabular  brim.  The 
floor  of  the  acetabulum  protrudes  into  the  pelvis.  The  joint  surfaces  are 
unaffected  and  the  bone  forming  the  floor  of  the  acetabulum  is  not  changed 
nor  thickened.     There  is  sliglit  lipjiing  of  the  lower  border  of  the  acetabulum. 


angle.     Within  these  ranges,  the  movement  was  free  and  painless  and  without 
any  sensation  of  friction. 

The  roentgen  ray  demonstrated  the  great  trochanters  closer  to  the  acetabu- 
lar rim  than  normal    (Figs.  1   and  2).     The  acetabulum  was  free  from  lipping 
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or  other  evidence  of  disease  except  at  the  lower  border.  The  angle  of  the 
neck  of  the  femur  with  the  shaft  was  apparently  approximately  normal.  The 
striking  feature  noted  in  the  roentgenogram  w-as  that  the  acetabulum  pro- 
truded toward  the  pelvic  cavity,  deepening  it  to  a  marked  degree.  The  acetabu- 
lar  floor   was   not   thickened   and   the   surface    it    presented   toward   the   pelvic 


Fig.  2  (Case   1). — Left  hip  of  the   same  patient. 


cavity  was  smooth  in  outline.  There  was  no  evidence  of  disease  of  the  femur 
nor  of  the  pelvic  bones.  On  rectal  examination,  the  protrusion  was  more 
striking  than  it  appeared  in  the  roentgenogram.  The  sensation  was  as  though 
half  a  billiard  ball  had  been  cemented  over  each  acetabular  region. 

Diagnosis. — The  slight  limitation  of  external  rotation  and  the  marked  limita- 
tion of  abduction  at  once  suggested  coxa  vara;  but  the  lack  of  marked  lim- 
itation of   internal   rotation   made   this   diagnosis   doubtful.     The   roentgen    rav 
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showed  no  marked  cliangc  of  the  angle  of  the  neck  of  the  fcmnr,  but  did  show 
a  deepening  of  the  acetabulum.  The  lipping  of  the  lower  border  of  tlie 
acetabulum  suggested  an  inflammatory  process. 

Case  2. — History. — A  woman,  aged  44,  complained  of  pain  in  the  left  thigh 
and  hip.  She  had  been  a  strong  and  healthy  child  until  the  age  of  6,  when 
she  sustained  a  slight  injury  of  the  left  hip.  She  was  confined  to  bed  with 
continuous  pain  and  fever.  A  sinus  formed,  but  in  six  months  she  was  able 
to  get  about  on  crutches.     The  sinus  did  not  heal  for  nearly  eight  years. 

She  had  been  able  to  walk  with  crutches  until  six  months  previously,  when 
she  injured  her  hip  slightly.  She  walked  about  for  a  week  following  the 
injury,  but  had  not  attempted  to  do  so  since. 

Exaininalion.  —  There  was  marked  limitation  of  motion  in  all  directions. 
Alidtictiiin   was  altogether  impossible,  as  was  external  rotation.     The  roentgen 


Fig.  J. — The  entire  lateral  border  is  displaced  markedly  medially,  protruding 
into  the  pelvis  more  than  a  third  of  its  diameter.  There  is  thickening  of  the 
bone  which  forms  the  floor  of  the  acetabulum.  The  head  of  the  femur  is 
deformed  and  the  neck  and  shaft  of  the  femur  are  atrophied  and  rarefied. 


ray  revealed  the  whole  acetabular  cavity  displaced  markedly  medially  (Fig.  3). 
The  acetabulum  was  deepened  and  there  were  marked  changes  in  the  acetabular 
border  and  in  the  neck  and  head  of  the  femur.  In  fact,  the  roentgen  ray  would 
indicate  a  bony  ankylosis,  an  impression  heightened  by  the  marked  atrophic 
changes  in  the  femoral  shaft  and  head. 

Diagnosis. — The  marked  median  displacement  of  the  entire  acetabular  cavity 
constituted  the  sole  reason  for  including  this  case  in  this  category.  Esau " 
reports  a  case  of  this  type.  The  clinical  findings  do  not  correspond  to  the  true 
Otto  type,  so  they  will  be  referred  to  again  later. 


3.  Esau,  P. :  Akute  Osteomyelitis  des  rechten  Schambeins  und  zentrale 
pathologische  Luxation  des  Oberschenkcls.,  Deutsch.  Ztschr.  f.  Chir.  91:611, 
1908. 
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Case  3. — History. — A  woman,  aged  36,  came  for  examination  to  determine 
whether  an  old  hip  disease  would  make  childbirth  hazardous.  When  5  years 
old.  she  began  to  have  pain  in  the  left  hip  and  knee.  She  was  treated  for 
several  years  with  a  hij)  si)Iint.     The  pain  ceased,  but  there  was  limitation  of 


Fig.  4. — Old  tuberculous  disease  of  the  hip.  There  are  marked  trophic 
changes  in  the  head  and  shaft  of  the  femur.  The  acetabular  protrusion  is  due 
to  a  thickening  of  the  bone  rather  than  an  actual  protrusion. 

motion  in  the  hip  joint.  She  was  given  an  anesthetic  and  the  joint  was  freely 
mobilized.  Following  this,  she  had  fever  and  swelling  about  the  joint  for 
several  months,  and  when  this  subsided,  she  was  unable  to  move  the  thigh  at  all. 
Examination. — There  was  complete  fixation  at  the  hip  joint  (Fig.  4).  The 
thigh  and  tiip  regions   showed   marked   muscular  atrophy.     The   roentgen   ray 
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revealed  complete  ankylosis.  The  acetabulum  was  deepened  and  protruded  into 
the  pelvis.  This  protrusion  was  tiiore  impressive  when  examined  by  the  vagina 
and  rectum  than  it  appeared  in  the  roentgenogram. 

Diagnosis. — The   roentgen-ray  findings  did   not  correspond   to   those   usually 
found  in  old  tuberculous  hip  disease.     However,  this  apparently  is  accounted  for 


Fig.  S. — Extensive  carcinomatous  metastasis   of  the   ischium, 
the  acetabulum  shows  thickening  and  some  displacement. 


The  floor  of 


by  the  marked   inflammatory   reaction    following   the   manipulation   under  ether 
at  a  time  when  the  original  disease  was  in  abeyance. 

Case  4. — A  woman,  aged  46,  was  brought  to  the  hospital  because  of  pain 
in  the  back.  The  details  of  the  history  and  findings  in  this  patient  are  of  no 
interest  here.  She  had  had  one  breast  removed  by  a  caustic  paste*  two  years 
before,  followed  a  year  and  a  half  later  by  pain  in  the  back.     The  roentgen 
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ray  revealed  many  metastatic  nodules.  It  is  of  interest  to  note  that  the  metas- 
tases in  the  ischium  had  permitted  a  protrusion  toward  the  median  line 
(Fig.  5).  The  picture  is  shown  here  because  a  similar  condition  was  pre- 
sented by  Thomsen '  as  a  type  of  osteo-arthritic  protrusion  of  the  acetabulum. 

COMMENT 

Case  1,  liere  presented,  seems  to  belong  to  a  condition  wherein  the 
disability  is  due  to  the  deepening  of  the  acetabular  socket,  as  already 
noted.  It  was  first  described  by  Otto.^  As  indicated  by  the  title  of 
Otto's  paper  he  considered  an  inflammatory  reaction  the  causative 
factor.  In  several  of  the  cases  reported,  mild  inflainmatory  reactions 
have  preceded  the  deformity.  Thus  Wolfsohn  and  Brandenstein '' 
report  a  case  in  a  man,  aged  36,  who  had  a  rather  typical  inflammatory 
rheumatism  live  years  before.  Gradually  the  movements  in  the  hip 
joint  became  limited  and  a  protrusion  of  the  acetabular  cavity  followed. 
Schertlin  "  and  Henschen "  report  similar  instances.  It  is  to  this  type 
that  my  Case  1  belongs.  Most  cases  recorded  apparently  follow  a  coxitis 
of  a  relatively  mild  degree.  The  general  term  juvenile  osteo-arthritis 
seems,  as  suggested  by  Wolfsohn  and  Brandenstein,''  to  be  descriptive, 
except  that  in  the  majority  of  cases  recorded  the  dominant  symptoms 
appeared  too  late  in  life  to  be  "juvenile;"  it  is  possible,  however,  that 
the  first  changes  began  during  adolescence. 

Eppinger '  believes  the  disturbance  is  due  to  a  late  ossification  of 
the  bones  making  up  the  acetabular  floor.  According  to  him,  the 
constant  muscle  pressure  on  the  cartilaginous  floor  is  sufficient  to 
produce  the  condition.  Other  authors  combat  this  hypothesis  chiefly 
for  the  reason  that  a  delay  in  ossification  has  not  been  proved,  and  that 
the  cases  reported   give  histories  of  a  preexisting  arthritis. 

The  significance  of  frank  infections  of  the  joint,  particularly  by  pus 
organisms,  has  been  emphasized  by  Esau.'  My  Case  2  belongs  here.  In 
this  case,  a  pyogenic  infection  may  fairly  be  assumed.  Apparently,  a  dis- 
turbance of  the  ossification  centers  followed,  with  displacement  of  the 
horizontal  ramus  of  the  pubes.  I  observed  a  patient  .some  years  ago 
in  whom  there  was   frank   suppuration  on  the  right  side  which   was 


4.  Thomson:    Krebsige  Osteomalacie,  .Arch.  f.  klin.  Chir.  13:235,  1872. 

5.  Wolfsohn  and  Brandenstein:  Ucbcr  Osteoarthritis  coxae  juvenilis  duplex. 
Arch.   f.  klin.  Chir.  96:656.   1911. 

6.  Schertlin :  L'eber  einen  Fall  von  intrapelviner  Vorwolbung  und  zentraler 
Wanderung  der  Hiiftpfanne.  Bcitr.  z.  klin.  Chir.  71:406,  1910. 

7.  Henschen :  Die  intrapelvine  Vorwolbung  und  die  ventrale  Wanderung 
der  Hiiftpfanne,  Beitr.  z.  klin.  Chir.  65:599.  1909:  Die  traumatische  (spontane) 
Luxatio  centralis  femoris,  Beitr.  z.  klin.  Chir.  62:294,  1909:  Die  zcntrale  oder 
intrapelvine  Pfannenwanderung  der  Hiifte  auf  coxitisch-arthropathischcr  Grund- 
lage.  Ztschr.  f.  orthop.  Chir.  33:438,  1913. 

8.  Eppinger;  Pclvis-Chrobak :  Coxarthrolisthesis-Becken.  Beitr.  z.  Cicburtsh. 
u.  Gynak.  2:176.  1903. 
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drained  after  se\eral  weeks.  'I'lie  left  side  became  affected  and  was 
drained  early.  On  this  .side,  tliere  is  some  acetabular  protrusion  with 
some  changes  in  the  bones.  On  the  right  side,  the  bone  changes  are 
extensive  (Fig.  6).  It  is  possible  that  the  left  side  in  this  case  stands 
midway  between  the  extreme  suppuration  as  shown  in  the  right  side 


Fig.  6. — At  the  left  of  the  roentgenogram  the  head  of  the  femur  and  the 
acetabulum  show  extensive  changes.  On  the  right,  the  femur  shows  extensive 
changes;  the  floor  of  the  acetabulum  shows  relatively  slight  changes  but  pro- 
trudes somewhat  into  the  pelvis. 


and  the  type  Otto  has  shown  in  Figure  1.  In  another  case,  with 
double  suppurative  arthritis,  there  was  a  protrusion  of  the  whole  lateral 
pelvic  arches  (Fig.  7),  being  a  lesser  presentation  of  the  condition 
shown  in  Figure  2.  In  the  paper  of  A'alentin  and  Miiller,-  they  seem 
to  include  such  cases  as  of  the  true  <  )tt(i  l\pe.  The  gonococcus  has 
been  accused  bv  llenschen  '  and  Chiari  ''  to  be  tiie  cause. 


9.  Chiari  :    l'cl)cr  die  Actiolo.uie  uiul  Patlio 
protrusion.   P.oitr.  z.  klin.  Chir.  102.  1916. 


der  infrapelvinen  Pfannen- 


HERTZLER— PROTRUSION    OF    ACETABULUM  699 

Tuberculous  infection  has  been  observed,  notably  by  Chiari  and  by 
Bier.  My  Case  3  belongs  to  this  group.  The  deformity  here  is  not 
great,  but  it  indicates  the  process  by  which  the  deformity  develops. 
Trendelenburg  '"  described  one  due  to  the  echinococcus. 

Tabes  was  diagnosed  by  Fere,"  Wrede '"  and  Kienbock.'-'  In 
such  instances,  it  appears  to  be  a  generalized  overproduction,  rather 
than  the  medial  displacement  of  the  floor  of  the  acetabulum. 


'••■-■  7. — Double  suppurative  arthritis  in  a  girl,  aged  10  years.  These  joints 
were  l)oth  drained.  The  transverse  diameter  of  the  pelvis  is  lessened  and 
there  is  some  protrusion  of  the  acetabulum.  These  resemble,  in  a  mild  degree, 
the  conditions  shown  in  Figure  3. 

Displacement  from  invasion  by  tumor  was  first  observed  by 
Thomsen,*  and  this  also  was  the  causative  factor  noted  in  one  of  the 

10.  Trendelenburg:  Echinococcus  multilocularis  dcr  rechten  Beckenhalfte. 
Verhandl.  d.  deutsch.  Gesellsch.  f.  Chir.  10:61.  1881. 

11.  Fere:  Description  de  quclques  pieces  relatives  aux  lesions  osseuses  ct 
articulaires  dcs  ata.xiqucs  conservccs  au  musee  anatomo-pathologique  de  la 
Salpetriere.  .Arch,  dc  neurol.  4.  1882. 

12.  Wrede:  Demonstration  eincs  Tabcsbeckens  und  eines  Otto-Chrobakschen 
Beckens.  Tr.  82  Versamml.  deutsch.  Xaturf.  u.  Aerzte  in  Konigsberg,  1910. 

13.  KienlWick :  Ueber  die  mit  Protrusion  des  Pfannenbodens  einhergehenden 
Erkrankungen  des  Hiiftgelenks  und  ihre  Bcziehungen  zur  Arthritis  gonorrhoica 
und  .Arthropathie  bci  Tabes.  Fortschr.  a.  d.  Geb.  d.  Rontgenstrahlen  18:280,  1912. 
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cases  reported  by  Seiiftleben  '■*  and  by  \'alentin  and  Miiller.'-  Numerous 
other  instances  have  been  recorded  in  which  there  was  a  displacement 
of  the  head  of  the  fetnur  inward.  I  had  one  such  instance  in  sarcoma 
of  the  ischium  and  one  in  metastatic  carcinoma  from  carcinoma  of  the 
breast.     This  is  presented  herewith  as  Case  4. 

It  seems  doubtful  whether  deformities  due  to  specific  infections  and 
to  malignant  growths  should  be  admitted  to  this  disease  group.  I 
would  exclude  cases  due  to  acute  osteomyelitis,  tuberculosis,  nerve 
disease  and  tumors.  The  course  and  pathology  of  these  are  so  different 
from  the  typical  cases  of  Otto's  disease  that  confusion  is  caused  by 
their  inclusion.  I  would,  therefore,  include  only  about  twenty  of  the 
reported  cases  and  Case  1  of  my  own  as  typical  instances  of  Otto- 
Chrobak  disease.  In  this  connection,  it  is  not  possible  to  speak  convinc- 
ingly of  those  associated  with  gonorrheal  arthritis.  Schlagenhaufer  '■'' 
records  one  instance  in  which  a  pure  culture  of  gonococcus  was  obtained 
from  a  case  running  an  acute  course.  Kienbock  likewise  reports  a  case. 
It  may  be,  therefore,  that  in  some  of  the  cases  of  insidious  onset  the 
gonoccKcus  may  have  played  a  part.  One  cannot,  therefore,  exclude 
this  etiology  from  the  typical  Otto-Chrobak  disease. 

Viewing  the  reported  cases  as  a  whole,  it  seems  probable  that  a 
change  in  structure  of  the  bone  is  brought  about  by  a  chronic  inflam- 
matory process.  We  cannot  do  better,  therefore,  than  to  conclude  with 
Otto  that  the  disease  is  due  to  an  osteo-arthritis. 

The  diagnosis  of  the  typical  Otto  type  is  characterized  by  marked 
limitation  of  abduction  and  external  rotation,  with  a  lesser  limitation 
in  the  other  movements.  Flexion  in  Schertlin's  case  was  limited  to  a 
tliird  of  the  usual  range.  In  my  case  there  was  slight  limitation  of 
flexion.  Usually,  the  greater  trochanter  is  not  displaced;  but  in 
.'^chertlin's  case  there  was  a  displacement  of  3  cm.  In  my  case  there 
seems  to  be  some  displacement  upward,  but  the  range  was  not  above 
that  of  personal  error. 

The  clinical  importance  of  this  disease,  aside  from  the  limitation 
of  motion,  is  that  it  sometimes  reduces  the  oblique  diameter  of  the 
pelvis  sufficiently  to  make  it  a  hindrance  to  delivery.  Henschen  ^  and 
Kuliga  ^^  have  each  made  a  study  of  this  phase  of  the  subject. 

CONCLUSION.S 

1.  Following  a  chronic  arthritis,  there  may  be  a  protrusion  of  the 
acetabular  floor  into  the  pelvic  cavity. 


14.  Senftleben :     Ucber   Fihroide   iinil    Sarkonie   in   chirurgisch-patliologischer 
BezielniiiK   .Arch.    f.   klin.   Chir.   1:81.    KS60, 

15.  Schlagenhaufer,  F. :    Ueber  Coxiti.s  gonorrhoica  und  ihre  Bezieluing  zur 
Protrusion  des  Pfannenbodens,  Zentralbl.  f.  Gynak.  30:228,  1909. 

16.  Kuliga:    Ueber  Chrobaksches  P.cckcn,  Zicglers  P>citr.  z.  path.  .Anat.  u.  z. 
allg.  Path.  Festsehr.  f.  Arnold,  1905. 
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2.  This  produces  limitation  of  abduction  and  external  rotation  and 
some  limitation  of  movement  in  otlier  directions. 

3.  This  ])rotrusinn  may  shorten  the  ol)li(|ue  diameter  of  the  pelvic 
outlet. 

4.  The  displacement  of  the  acetabular  Hour  by  sjiecihc  disease  or 
(umor  metasta.ses  should  not  be  i)laced  in  tiie  group  of  osteo-arthritic 
protrusion  of  the  acetabulum  of  Otto. 
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IX     nilLDRl-X 
Willi    i;si'i-:ci Ai,    ijici-KKMxn-:    id    liR^"A^T's    onkkiikah    iRAt  tkin  * 

\V.     H.    COLIC,    M.D. 
ST.    i-(iris 

'I'his  review  nf  tlie  cases  of  fraeliiretl  feniiir  encnumered  in  the 
S;.  Ijiuis  ("liiiclren's  1  luspiial  was  made  primarily  to  present  the  method 
111'  treatment  and  its  resnlts  in  simple  fractures.  In  addition,  an  analysis 
of  the  entire  f,'roup  of  cases  of  fractured  femur,  includintj  pathologic 
fractures,  has  been  made. 


Altogether,  the  rejiorts  of  thirly-h\e  cases'  have  been  collected. 
Tliirtv-one  of  these  were  sim]ile  fractures,  eighteen  of  which  were 
treated  hv  oxerhead  traction.-  I'oiisidering  the  ratio  of  ages,  fracture 
or  the  femur  is  much  more  common  in  infancv,  hve  of  the  thirtv  cases 
occurring  in  infants,  1  year  of  ;ige  or  under. 

1  )epending  on  the  kind  of  fracture  and  the  complications,  si.\ 
different  methods  of  treatment  have  been  used,  viz.:  il)  oxerliead 
traction;  |2)  plaster  casts;  |3)  s])lints;  (4)  horizontal  traction;  {r} 
open  reduction,  and   (6)   modihed  Steinman  pin. 

The  h\e  cases  treated  by  jjlaster  cast  represent  almost  e.xclusively 
those  in  which  there  was  little  or  no  displacement.  By  using  a  cast 
in  the  treatment  of  these  cases,  the  patient  is  allowed  to  go  home  luuch 
earlier  and  without  the  danger  of  refracture.  .\s  stated,  eighteen  of  the 
thirt\-one  cases  were  treated  1)y  o\erhead  traction. 

Table  3  reveals  that  |)racticall\-  one  half  of  the  thirty-one  cases 
were  transverse  fractures.  .Mmost  all  of  the  obli(|ue  fractures  were 
treated  l.)v  overhead  traction.  This  method,  howexer,  was  also  used 
in  transverse  fractiues.  .Ml  of  these  hve  were  overriding  fractures. 
The  three  cases  treated  by  open  reduction  were  transverse  fractures, 
two,  howe\er.  with  no  more  displacement  than  in  those  treated  by 
overhead  traction.  .\ll  the  cases  treated  by  casts  and  splints  represent 
almost  exchisiveK  those  with  \ery  little  or  no  displacement.  ( )f  the 
two  patients  treated   by  horizontal   traction,   one   was    12'^.   \ears  old. 


*  From    the     Dc])artinent     i>t     Siir.ncry,     Washiii.ytnn     I'liiversitv      Sclmol     of 
Mfdicine. 

1.  Tliis   si-rit's  was   taktn   fmni  tin-   si-r\  ice  of   Dr.   Cloiitcni   <A   the   St.   Lmiis 
Children's    Hcjsiiital.   and   tlie    wcrk    was   undertaken   at   his   su}>.yestion. 

2,  Bryant,   Thomas:     I'racticc   of   Snr.yerv,    London   2:422,    hs;<). 
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TABLE    1. — Ratio  of  Simple  to  Pathologic  Fractures 

Simple —                                                                                            No.  of  Cases 

Infants  (1  year  or  under) S 

Children  (1  to  12  years) 26 

Pathologic — 

Osteomyelitis    2 

Syphilis  1 

Osteitis    fibrosa    cystica 1 

Total 35 

TABLE  2. — Method  of   Treatment   and   Influence  op  Ace  on   It 

Method  of  Treatment                                                              No.  of  Cases 
Infants  (1  year  or  under) — 

Overhead   traction    1 

Plaster  cast  2 

Splint    2 

Total 5 

Children  (1  to  12  years) — 

Overhead  traction   16 

Plaster  cast   4 

Horizontal  traction    2 

Operative  reduction  3 

Modified  Steinman  pin 1 

Total 26 


T.ABLE  3. — Influe.nce  of  Kind  of  Fracture  on  Method  of  Treatment 

Method  of  Treatment  No.  of  Cases 

Oblique  Fractures — 

Overhead  traction   13 

Horizontal   traction    1 

Modified    Steinman    pin 1 

—  15 
Transverse  Fractures — 

Overhead  traction   5 

Plaster   cast    S 

Open  reduction  3 

Horizontal   traction    1 

Splint   1 

—  15 
Grcenstick  —  splint 1 

Total  31 
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This  is  perhaps  two  or  three  years  heyond  the  up[)er  age  hniit  when 
fractures  may  be  treated  safely  by  the  overhead  method.  A  modified 
Steinman  pin  was  used  in  the  case  of  one  patient  wlio  sustained  a 
compound  fracture  of  the  tiliia,  infected  with  gas  bacilli,  which  necessi- 
tated amputation  of  the  entire  leg. 

The  figures  in  Table  4  demonstrate  quite  conclusively  that  the  kind 
of  fracture  is  distinctly  determined  by  the  location,  or  vice  versa.  With 
one  possible  exception,  all  oblique  fractures  were  located  in  the  middle 
third.  Transverse  fractures  in  the  middle  third,  however,  are  quite 
frequent,  as  indicated  by  a  ratio  of  six  transverse  to  fourteen  oblique 
fractures. 

.•\PPAR.\TUS     FOR     OVERHEAD     TRACTION' 

One  of  the  greatest  advantages  of  overhead  traction  is  the  simplicity 
of  traction  and   the   relatively  slight  attention    required.      ( )n  account 

TABLE  4. — Location  of  Fractures 

Kind  of  Fracture  No.  of  Cases 

Upper  third — 

Transverse    3 

Oblique    0 

Total    3 

Middle  third- 
Transverse   6 

Oblique    14 

Greenstick    1 

Total     21 

Lower  third — 

Transverse    6 

Oblique   (at  junction  of  middle  and  lower  third) 1 

Total    7 


of  the  decreasing  flaccidity  of  the  hip  joint  with  age,  the  use  of  over- 
head traction  is  restricted,  roughly,  to  patients  below  the  age  of  10.  A 
decided  advantage  in  treating  fractures  in  infants  by  this  method  is  the 
cleanliness  and  immediate  relief  of  discomfort  that  it  affords.  We  have 
failed,  as  yet,  to  see  a  form  of  splint  or  cast  which,  when  applied  to  a 
patient  under  the  age  of  2,  could  be  kept  free  from  urine  and  feces. 
Moreover,  children,  when  put  up  in  splints,  almost  invariably  cry  and 
fret  for  many  days  following  the  fracture.  I  believe  we  have  not  had  a 
single  patient  who  did  not  cease  fretting  witliin  twelve  hours  after  the 
application  of  overhead  traction. 

The  overhead  method  is  ai)plicable  to  the  average  child's  bed  or 
crib,  since  practically  all  of  them  have  head  and  foot  railings  of  equal 
height.  A  bar  is  placed  horizontally  from  the  top  rail  of  the  head 
piece  to  the  top  rail  of  the   foot  piece.     Ordinarv  adhesive  strips  are 
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used  for  traction,  and  applied  well  up  to  the  site  of  the  fracture. 
Reinforcing  strips  should  be  applied,  ])referably  horizontally  up  the 
leg  to  the  line  of  fracture  and  not  by  circular  turns,  which  cause  con- 
striction' followed  by  pain  and  edema.  A  bandage  is  applied  snugly 
around  the  extremity,  not  only  to  keep  the  limb  warm,  but  also  to 
encourage  the  adhesive  to  stick.  A  heavy  cord  is  tied  to  the  foot 
piece  of  the  adhesive  strip.  After  lifting  the  extremity  to  a  right 
angle  with  the  bed,  the  extension  cord  is  carried  to  a  pulley  attached 
to  the  cross-bar ;  from  there  it  is  carried  to  a  pulley  at  the  foot  of 
the  bed  so  that  the  weight  hangs  out  of  the  child's  reach.     Coaptation 


Fig.   1. — Apparatus   for  overhead   traction;   sufficient   weight   is   used   harcly 
to  lift  the  buttock  oflf  the  bed;  one  horizontal  bar  may  be  used  instead  of  two. 


Splints  are  usually  applied  in  the  beginning  of  the  treatment  because 
of  the  support  given  at  the  site  of  fracture  if  the  child  twists  his  body 
suddenly.  The  simplest  splints  are  made  by  laying  ordinary  wooden 
tongue  depressors  on  a  wide  adhesive  strip  at  a  distance  of  one-half 
inch  (1.7  cm.),  and  a  similar  adhesive  strip  applied  to  cover  them. 
The  strips  should  be  just  wide  enough  to  allow  ex[X)sure  of  a  half-inch 
of  the  ends  of  the  tongue  depressors.  This  flexible  splint  is  wrapped 
once  around  the  site  of  fracture  after  a  towel  or  bandage  has  been 
applied.  Wide  linen  tapes  with  buckles  are  most  satisfactory  for  hold- 
ing the  splint  in  place. 
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If  (Ifsired,  instead  of  usiii>;  oiu-  Imrizonlal  Ijar,  two  may  Ije  laid 
across  the  top  rails  of  the  bed  at  a  distaiict'  of  aliout  a  foot  apart,  and 
the  extension  pulley  tied  to  a  bar  connecting  the  two  horizontal  bars 
(Fig.  1).  This  allows  a  slightly  more  flexible  extension,  though  it  is 
not  at  all  necessary.     Ordinarily,  the  limb  is  held  in  overhead  traction 


Figure  2  Figure  .i 

Fig.  2. — Oblique   fracture  of   middle   third  of   femur  of   patient,   4  years   of 
age;   roentgenogram  taken  at  time  of  fracture. 

Fig.  3. — Same  patient  as  in  Figure  2,  one  and  one-half  year.s  after  fracture; 
overhead  traction  used. 

for  from  three  and  one-half  to  four  \\eek>.  At  the  end  of  this  time, 
a  plaster  cast  is  applied,  and  at  the  end  of  five  and  one-half  or  six 
weeks,  the  patient  is  discharged.  'I'lie  cast  need  be  worn  only  two  or 
three  weeks. 

This  metliod  of  treatment,  or  rmes  similar,  is  quite  comnionlv  used 
and    has    been    ))racticed    for    thirtv-li\e    or    forty    years.      \'erv    few 
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reports  concerning  it,  however,  are  found  in  the  literature.  It  is  men- 
tioned by  McCosh,-'  in  1897,  as  a  practical  means  of  treating  fractures 
in  children,  but  no  cases  are  cited.  Sterns  ■*  of  Cleveland  used  it  in 
infants  in  1905,  with  very  successful  results.  A  simple  modification 
has  been  suggested  by  Silver,''  consisting  in  attaching  a   vertical   bar 


Fig.  4. — ./.  iibliqiic  fracture  of  middle  third  of  femur  of   j  ■  'TS  of 

age;   roentgenogram  taken  at  lime  of   fracture;   B,  appearance  of    femur  two 
weeks  after  fracture  and  application  of  overhead  traction. 

to  a  Bradford    frame.     Mention  (A  overhead   traction  is   found  in   a 
few  of  the  textbooks  ''  on  surgery,  but  no  very  extensive  descrijjtion 


3.  McCosh:    Ann.  Surg.  26:368.  1897. 

4.  Sterns:    New  York  M.  J.  81:992-994,  1905. 

5.  Silver:    Ann.  Surg.  49:io5-106,  1909. 

6.  Warbasse,  J.  P.:  Surgical  Treatment.  Philadelphia,  W.  B.  Saunders 
Company  1:590.  1919.  Stimson.  L.  A.:  Fractures  and  Dislocations,  Philadel- 
phia. Lea  &  Fcbiger,  1910,  p.  408. 
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of  results  is  given.  X'arious  nietliods  of  operative  reduction,  such 
as  the  use  of  ice  tongs,  steel  pins,  platen  and  metal  rings  are  employed  ; 
but  certainly  they  are  indicated  in  a  relatively  small  percentage  of 
cases.  .Satta,'  of  Bologne,  however,  has  used  the  metal  ring,  similar 
to  Parham  bands,  with  very  favorable  results  as  secondary  treatment  in 
correction  of  deformity,     .'^peed  ^  has  adopted  a  method  of  vertical  sus- 


Fiuure  5  Figure  6 

Fig.  5. — Femur  of  same  patient  as   in  Figure  4,   four  days  after  fracture. 

F"ig.  6. — Oblique   fracture   of   uiiildle   third   of   lenuir   of   patient,  2  years   of 
age;   roentgenogram  taken  at  time  of   fracture. 

pension,  obtaining  practically  the  s.imc  tr;iction  as  in  the  overhead 
method,  but  it  is  more  complicated,  inasmuch  as  a  Thomas  splint  is 
used.      I    believe  that   he  has  been  a   bit    unfair   to  himself   in   stating 

7.  Satta.  F.:    Qiir.  d.  org.  di  movinuiitn  4:,ill-,U,s    (Inly)    1920. 

8.  Speed,  Kellogg:    Surg.,  Gynec.  &   ()lp^t.  32:527-5,i4    (June)    1921. 
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results  in  terms  of  anatomic  value,  because  many  of  his  patients  in 
whose  cases  the  results  were  marked  poor  will  (|uite  certainly  return  a 
few  years  hence  with  perfect  functicmal.  and  probably  ])erfccl  anatomic, 
results. 

Close  observation  of  the  progress  of  healing  is  made  by  the  portable 
roentgen-ray  machine,  while  the  extremity  is  in  traction.     However, 


Figure  7  Figure  ^ 

Fig.  7. — Same  patient  as  in  Figure  6;  two  and  onc-lialf  years  after  fracture; 
overhead  traction  used. 

Fig.  8. — Transverse  fracture  of  middle  tliird  of  femur  of  patient,  IVa  years 
of  age ;  roentgenogram  taken  at  time  of  fracture. 


within  a  few  days,  the  pain  of  jolting  is  eliminated  and  the  bed  may 
be  moved  to  the  roentgen-ray  room  as  often  as  desired,  without  dis- 
turbance to  the  child.  The  simplicity  of  the  treatment  affords  adef|uate 
allowance  for  this. 
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ANALYSIS     OK     RF-SULTS 

Although  the  condition  of  the  patient  when  discharged  from  the 
hospital  is  a  fair  criterion  of  the  ultimate  result,  accurate  estimation 
of  the  physical  condition  cannot  be  made  until  he  has  been  observed 
for  at  least  one  year.  Therefore,  an  attem])t  has  been  made  to  secure  'Jie 
greatest  number  (if  returns  possilile.  Ibiwever,  only  eleven  of  the  thirty- 
one  patients  returned  fur  iiliser\  atiun.  We  hojje  and  rather  tirnily 
believe,  however,  that  the  reason  for  failure  to  get  a  more  complete 
return  lies  in  the  fact  that  the  results  have  been  so  satisfactory  that  the 
patients  deemed  an  examination  unnecessary.  Especially  is  this  likely, 
since  the  patient  with  the  only  unsatisfactory  result  was  practically  the 
first  to  return  after  receiving  notitication.  This  patient  (Fig.  17)  was  an 
infant.  1  vear  of  age,  with  a  history  of  grcenstick  fracture  of  the  middle 
third  of  the  femur,  which  dccnrred  tweh'e  days  ])re\ious  to  admission. 

TABLE  S. — Return   Cases 

Method  of  Treabnent  and  Kind  of  Fracture             No.  of  Cases 

Overhead  traction — 

Oblique    4 

Transverse    2 

Operative   reduction — 

Transverse    1 

Cast — 

Transverse    (very    little    displacement) 1 

Transverse    (very    little    displacement) 1 

Splint — • 

Transverse  (two  weeks  old  fracture  when  received) 1 

Greenstick   (twelve  days  old  fracture  when  received) 1 

Total    11 


It  was  treated  by  splints  previous  to  entry  to  the  hospital,  and  was 
treated  so  here  because  apparently  only  a  very  slight  deformity  existed. 
The  deformity  consisted  of  an  anterior  bowing  which,  it  was  believed, 
could  be  corrected  with  minor  treatment.  The  error  was  seen,  how- 
ever, after  several  flays'  observation  and  operative  interference  was 
advised.  The  mother  refused  to  perinit  operation  and  the  child  was 
discharged  under  protest.  Subsequent  observations  (Fig.  18),  two 
years  later,  revealed  a  marked  anterior  bowing  of  the  femur,  a  moderate 
limp  and  one-half  inch  (1.7  cm.)   shortening  of  the  limb. 

That  operative  reduction  is  not  necessary  in  transverse  fractures, 
with  very  few  exceptions,  is  shown  quite  conclusively  by  Figures  9 
to  14.  Roentgenograms  in  each  case  revealed  complete  displacement, 
with  al)nut  one-half  inch  overriding  even  after  several  days.  Obsen'a- 
tion,   fourteen  months  after  discharge  of  one  ])atient.  and  three  years 
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after  discharge  of  the  other  patient,  revealed  no  deformity  except  a 
very  slight  bone  tliickening.  There  was  no  subjective  evidence  of 
fracture  whatever. 

The  obhque  fractures,  all  of  which  were  treated  by  overhead  trac- 
tion, showed  no  subjective  evidence  of  fracture.  Roentgenograms 
revealed  only  a  very  slight  bone  thickening.  In  the  late  pictures  of 
some  (if  the  oblique   fractures,   no  bone  change  at   all   could  be  seen. 


Figure  9 


Figure  10 


Fig.  9. — Same  patient  as  in  Figure  8;  three  wciks  after  fracture  and  appli- 
cation of  overhead  traction. 

Fig.  10. — Lateral  view  of  femur  of  same  patient  as  in  Figures  8  and  9.  two 
vcars  after  fracture. 


Figure  15  represents  a  transverse  fracture  of  the  u]iper  third  which  was 
put  up  in  a  ca.st  after  attempted  reduction.  The  failure  was  seen  on 
roentgenographic  examination,  and  operative  reduction  with  use  of 
I-anc  plates  was  resorted  to  by  Dr.  Fisher.     Six  weeks  later  they  were 
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rcmci\i-(l  by  liiiu.  Roentgenii^rains.  two  years  later,  revealed  perfect 
aliiicinent.  with  a  nidderate  Ixme  thiekening,  t|uite  certainly  more 
tliickeniii},'  than  seen  in  any  (if  the  other  cases.  N(i  shortening  was 
found  and  no  subjective  symptoms  were  detected. 

Perhaps  one  of  the  most   striking  observations   is  the  absence  of 
shortening  seen  in  cases  which  healed  with  fragments  distinctly  in  an 


Figure  II  Figure  12 

Fig.  11. — .^nteroposferior   view   of    femur   of    sauie   patient   as   in    l''igures  8, 
9  and   10.  two  vcars  after  fracture. 


Fig.    12. — Transverse   fracture   of  middle   thir<l 
of  age;  roentgenogram  taken  at  time  of  fracture. 


femur  of  patient,  2  years 


overriding  jjosition.  Moreover,  when  the  patient  returns  a  few  years 
later,  the  affected  extremity  shows  no  shortening.  Reiieated  roentgeno- 
grams of  the  knee  joints  a  few  weeks  and  a  few  years  after  treatment 
reveal  no  separation  of  the  femur  from  the  tibia  due  to  stretching  of 
the  ligaments  about  the  Isuee  joint.     The  ([ttestion  arises  as  to  tin'  loca- 
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Figure  13  ligure  14 

Fig.  13. — Same  patient  a.s  in  Figure   12.  two  years  after  fracture ;  overhead 
traction  used. 

Fig.  14. — Transverse  fracture  of  upper  tliird  of  femur  of  patient,  4  years  of 
age:   roentgenogram  taken   after  attempted   reduction   and   application  of  cast. 
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Figure  15  Fij^iirt-  16 

Fig.  IS. — Same  patient  as  in  Figure  14,  six  weeks  after  application  of  Lane 
plate  and  six  ami  one-half  weeks  after  fracture. 


Fig.   16.  —  Same  patient  as   in  Figurt 
showing  aniomit  of  callus  remaining. 


14  and   15,  two  years  after  fracture, 
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tion  of  the  compensation.  The  ligaments  of  the  ankle  are  not  included 
in  the  traction  at  all.  Furthermore,  one  cannot  conceive  of  the  hip 
joint  allowing  much  room  for  lengthening  of  the  extremity.  Appar- 
entl\-,  the  only  explanation  remaining  is  that  young  hone  yields  to  the 
con.stant  pull,  and  thus  makes  up  f(ir  tlic  few  centimeters  necessary 
for  compensation. 


Figure  17  i-iuuf    1> 

Fig.  17. — Greeiistick  fracture  of  middle  third  of  femur;  roentgenogram  taken 
at  time  of  admission,  two  weeks  after  fracture;  operative  reduction  was  refused 
and  the  patient  discharged  under  protest. 

Fig.  18 — Femur  of  same  patient  as  in  Figure  17,  two  years  alter  fracture, 
showing  marked   anterior  bowing  deformity. 


PATIIOLOr.IC     FRACTURES 


During  the  live  years  when  thirty-one  cases  of  simple  fractures  of 
the  femur  were  received,  four  cases  of  pathologic  fracture  were 
encountered. 
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Two  occurrcil  in  cises  of  osteomyelitis,  one  in  a  case  of  syijiiilis,  and 
the  last,  in  a  case  of  osteitis  fibrosa  cystica."  One  of  the  fractures 
occurring-  in  an  acute  case  of  osteomyelitis  was  an  acute  case  of 
recent  onset;  the  other  was  an  acute  case  with  a  history  of  chronicity, 
several  months  pre\ionsly.     The  case  of  syphilis  was  complicated  by  a 

TABLE  6. — Pathologic   Fractures 

Cause  of  Fractures                                                   No.  of  Cases 
Osteomyelitis    2 

Syphilis    1 

Osteitis    fibrosa    cystica " 1 


poliomyelitis  paralysis  in  the  same  extremity  as  the  fracture.  The 
child  was  given  heavy  antisyphilitic  treatment  and  discharged  wearing 
a  brace. 

CONCLUSIONS 

From  the  foregoing  data,  the  following  concIusi(.)ns  may  be  deduced : 

1.  The  immediate  shortening  due  to  overriding  of  fragments  in 
growing  bone  tends  to  correct  itself,  even  though  the  fragments  have 
healed  in  overriding  position. 

2.  Alinement  of  the  fragments  is  more  important  than  the  position 
of  the  ends  of  the  fragments. 

3.  Perfect  functional  results  may  be  obtained  from  a  transverse 
fracture,  with  overriding,  by  using  overhead  traction. 

4.  The  younger  the  patient,  the  more  nature  compensates  for  mal- 
position and  surgical  inefficiency. 

5.  Overhead  traction  is  more  applicable,  and  will  give  better  results, 
than  anv  other  method  in  the  treatment  of  fractured  femurs  in  children. 


9.  This  case  is  being  reported  liy  Dr.  Sherwood  Moore.     Full  details   will 
be  given   in  his   report. 


CORRECTION 

In  tlic  Septenilier  issue  (if  the  .Archivks  appeared  an  article  on  "The  Func- 
tion of  the  (lallhladder  in  Biliary  Flow"  by  Conrad  Jacobson  and  Carl  Gydesen. 
A  footnote  should  have  accompanied  the  article  to  the  effect  that  the  e.xperi- 
mental  work  on  wdiich  the  article  was  based  was  done  in  the  laboratories  of  the 
University  of  Minnesota  Medical  School,  during  tlie  time  tliat  Dr.  Jacol)son 
served  as  Associate  Professor  of  Surgery. 
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